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Abstract 
The present paper states very briefly the main 
steps leading to the technique of scanning electron 
microscopy (SEM) of vascular corrosion casts. From 
the terms presently used (injection method, 
microcorrosion cast, injection replica, vascular 
corrosion cast, vascular cast) the use of "vascular 
corrosion cast" for lymphatic and blood vessels is 
recommended. Specification and pretreatment (kind, 
volume, dosage of anticoagulants, vasoactive 
substances and spasmolytica used) of the animals 
examined are referenced as they are available from 
the literature. The recommenda tion is given to pay 
more attention to these parameters than done so far. 
The steps necessary for producing reasonable and 
suitable vascular corrosion casts are critically 
described. Special attention is paid to the physical and 
chemical properties of the casting media and their 
significance for polymerization, shrinkage, casting 
quality, corrosion resistance, and thermal and spatial 
stability. Emphasis is also focused on the advantages 
of cutting the vascular corrosion casts embedded in an 
ice block by a band saw, a self constructed multi-blade 
cutting device or a mini wheel-saw placed in the 
chamber of a cryomicrotome. From the drying methods 
presently used freeze-drying is stressed because of 
minimal specimen damage . To render casts conductive 
in most cases sputter-coating is sufficient. It is 
recommended to run the SEM with 5 - 10 kV since 
the resolution received still reveals all details the 
casting media presently can replicate. Further the 
application of scanning electron microscopy of vascular 
corrosion casts in fully differentiated normal tissue, 
in pathologic tissue as well as in developing tissues 
and organs is stated. Lastly possibilities and 
conditions are discussed under which SEM of vascular 
corrosion casts can serve to quantify vascular 
structures in order to make the technique more than 
pure descriptive. 
KEY WORDS: Scanning electron microscopy - vascular 
corrosion cast - injection replica - microcorrosion cast 
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Introduction 
The technique of scanning electron microscopy of 
vascular corrosion casts has become a method to study 
vascular patterns in normal and pathological tissues 
and organs and in developing structures. Most of the 
studies deal with the vascular system in vertebrates, 
but already pioneer work has been done in 
invertebrates (Browning, 1980; Papaccio and Pisanti, 
1984, Meyer, 1989). The history of the technique is 
described in several papers (Gannon, 1978; Hodde and 
Nowell, 1980a, 1980b; Kus, 1969; Lametschwandtner 
and Lametschwandtner, 1990; Murakami, 1978) and 
therefore we only point out briefly the steps which 
contributed essentially to its development. The 
following events were important: 
- the invention of the syringe (for injections) (for 
historical details see Cole, 1921; Kus, 1969; Weiger et 
al., 1982) 
- the introduction of polymerizing casting media which 
withstand electron bombardment in the scanning 
electron microscope (Schummer, 1935; Murakami, 
1971; Nowell et al., 1970), 
- the invention of the scanning electron microscope 
(Knoll and Ruska, 1932; Von Ardenne, 1938a, 1938b). 
Since the first publication dealing with scanning 
electron microscopy of vascular corrosion casts 
(Murakami, 1971) an increasing number of papers on 
this subject has been published. The present paper 
intends to give a bibliography comprising as many 
papers as possible. The data we present consider 
about 70 % of the references added. 
The nomenclature of the object of this review is 
rather confusing and therefore we would like to 
introduce the following terms presently in use: 
- injection method (Ohta, 1957; Ohta et al., 1958), 
- microcorrosion cast (Hodde et al., 1977; Hodde and 
Nowell, 1980b) 
- injection replica (Murakami, 1975a; 1978; Murakami 
et al., 1983; Ohtani, 1981a; 1981b) 
- vascular corrosion cast (Lametschwandtner et al., 
1978b; 1978c; 1979; 1985; Ohtani et al., 1983a) 
- vascular cast (Hodde, 1981a; Ohtani and Naito, 
1980; Ohtani et al., 1982) 
It becomes evident that there is no uniform 
nomenclature. Even the same author uses various 
terms without substantial evidence for doing this. This 
is confusing and, for example, the search for literature 
with computerized systems is more time and money 
consuming, because instead of one key word more 
words have to be checked. Therefore we recommend 
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the use of the term "vascular corrosion cast" in papers 
dealing with scanning electron microscopical studies of 
cast vascular systems (lymphatic and blood vessels). 
The term "microcorrosion cast", which suggests casts 
for microscopic examination, includes vascular as well 
as tubular and alveolar preparations (Hodde and 
Nowell, 1980b). 
Denomination of cast vessels. Because arterial and 
venous type cast vessels - at least in mammals -
reveal characteristic endothelial imprint patterns 
(Miodonski et al., 1976) their differentiation causes no 
problems. The denomination of main supplying and 
draining vessels are done according to the Nomina 
anatomica, Nomina anatomica veterinaria or Nomina 
anatomica aviarum. The subclassification, especially 
into arterioles, metarterioles or venules, however, is 
difficult. Vascular wall structures used for vessel 
diagnosis in histology (Rhodin, 1974) are removed in 
cast preparations by preceeding tissue maceration. 
Thus beside endothelial cell nuclei and cell border 
imprint patterns only cast diameter - corresponding to 
the vessel lumen - can be used to differentiate 
arterioles, metarterioles or venules from arteries 
respectivly veins. This leads to confusion in vessel 
denomination, especially in studies done on small 
animals where hardly arterial vessels larger then 300 
µmare observed. 
If the Did-ratio (ratio of large to small diameter 
of endothelial cell nuclei imprint patterns on cast 
vessels; Christofferson, 1988) or other endothelial 
imprint patterns (Reidy and Schwarz, 1980; Reidy, 
1981) are of any help in differentiating cast arteries 
from arterioles or veins from venules remains to be 
studied in more detail. 
Technique of scanning electron microscopy 
of vascular corrosion casts 
Pretreatment of the animals 
Application of anticoagulants . To get a complete 
filling of the vascular system of tissues and organs 
the blood must be removed from the vessels. To avoid 
coagulation and therefore insufficient fillings several 
authors administer anticoagulants. In most cases 
heparin is used, either injected systemically (Casellas 
and Mimran, 1981; Castenholz, 1983a; Gavin et al., 
1983; Hodde and Veltman, 1979; Olson et al., 1981; 
Page et al., 1976; Reidy and Levesque, 1977; Schmidt 
et al., 1985; Ujiie and Bill, 1984; Yoshimoto et al., 
1980a) or into the lymph sac (Cornhill et al., 1980; 
Morris and Campbell, 1978; Nerem et al., 1981a). 
Dosage ranges from 50 to 2000 IU per kilogram of 
body weight (kg bw) (Hossler and Olson, 1984; Ujiie 
and Bill , 1984;). Beside this heparin in the rinsing 
solution (Ringer solution: Kanzaki et al., 1982; Kent 
and Olson, 1982; Kus et al., 1981; Miodonski et al., 
1980a; Schmidt et al. , 1983a; Vogel et al., 1976; 0.5 M 
NaCl: Hiramatsu, 1982; Hodde, 1981a; Hodde et al., 
1977; Kondoh, 1973; Miodonski et al., 1979; Ohkuma 
and Ryan, 1982a;1982b; Ohtani and Gannon, 1982; 
Ohtani et al., 1982; Staindl and Lametschwandtner, 
1981; Suzuki, 1982; Van Gelder and Klapper, 1979; 
Tyrode solution: Kardon and Kessel, 1979; 
phosphate-buffered saline (PBS): Jasinski and 
Miodonski, 1978; 1981; Miodonski et al., 1978; 
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Morrison and Van Buskirk, 1983), heparin and 
liquemin: Motti and Niemeyer, 1983; liquemin alone: 
Nerem et al., 1981a, 1981b; or heparin and 2.4% 
sodium nitroprusside (dissolved in 0.85% NaCl): Syed 
Ali, 1985a; 1985b) are used. Various administration 
sites are reported (intravenously, intracardiacally, 
subcutaneously, intraperitoneally). Up to now the data 
presented in the literature are incomplete and there is 
no standardization of anticoagulants used to prevent 
blood clotting. It cannot be excluded that the 
pretreatment of the animals has influence on the 
quality of the casts and so far no studies are done on 
this subject. To make the conditions comparable it is 
recommended to give the following information: kind 
of anticoagulant, dose, site of application, time lapse 
between administration and rinsing of the circulatory 
system. 
Application of vasoactive and spasmolytic substances. 
Filling of the vascular system can be prevented by 
vasospasms due to smooth muscle contraction or by 
contraction of nearby body muscles. Therefore either 
vasodilatory substances like acetylcholine (lo·• to 10-• 
M; Olson, 1980) and isoxsuprine (Page et al., 1976) or 
spasmolytica like papaverine (Gannon et al., 1982; 
Motti and Niemeyer, 1983; Rogers and Gannon, 1981; 
Verco et al., 1983a) are added to the rinsing solution. 
In respect to data reported the same can be said as 
for anticoagulants. We recommend also here that 
authors state the following information: kind of 
vasoactive substance, dose, administration. Because of 
severe vascular changes evoked by vasospasms or 
muscle contractions this subject should be controlled 
very carefully, especially if quantitative data are 
intended. 
Anesthesia 
In view of possible effects of anesthesia on the 
systemic blood pressure (Christofferson, 1988) and the 
blood vascular system (vasodilatation, vasoconstriction) 
it is important to know the kind of anesthetic, dosage, 
application, and time lapse between application and 
casting procedure. In aquatic animals tricaine (MS 
222) has become the most used anesthetic (dosage 
data ranging from 0.05 - 0.5%, or from 1:1000 to 
1:10,000 are reported; Anderson and Anderson, 1976; 
Brown, 1985; Lametschwandtner et al., 1984a, 1984c; 
Logan et al., 1980; Morris and Campbell, 1978; Olson, 
1981; Syed Ali, 1985a; 1985b; Smith and Rapson, 
1977; Vogel, 1981), but also ethanol (3%, Browning, 
1980; 2% in seawater, Papaccio and Pisanti, 1984), 
ethyl-m-aminobenzoate (Olson, 1980), benzocaine 
(Olson, 1981; 1983), propylene-phenoxetole (0.1 %; 
Bernatzky and Lametschwandtner, 1979), and 
urethane (Laurent and Dunel, 1976; Ohtani and 
Naito, 1980) are used. Since the animals are 
immersed in these anesthetics, special attention has to 
be paid when the skin or gill vascularization is 
studied (Lametschwandtner et al., 1989b, Pohla et al., 
1977; 1987; Palzenberger and Pohla, 1989). In this 
case exact data on kind and dosage of the anesthetic 
and the duration of anesthesia have to be stated. 
In other vertebrates, especially in mammals, 
sodium pentobarbital (Nembutal) is applied mostly 
(Gattone et al., 1983a; Karaganov and Mironov, 1981; 
Levesque et al., 1979; Nerem et al., 1981a, 19816; 
Schafer et al., 1973). Administration is 
SEM of vascular corrosion casts 
intraperitoneally (ip; Hodde, 1981a; Hodde et al., 1977; 
Hodde and Veltman, 1979; Miodonski et al., 1976; 
Miodonski et al., 1979; Nowell and Lohse, 1974; 
Ohtani, 1981a, 1981b; Ohtani and Gannon, 1982), 
intravenously (iv; Hodde, 1979a; Ohtani, 1979; Ohtani, 
1981a; Page et al., 1976), or intramuscularly (im; 
Nowell et al., 1970, 1972a, 1972b. Doses range from 3 
- 60 mg/kg bw, depending on the animal species 
(Shikata and Takuo 1985; Schmidt et al., 1985; 
Takahashi et al., 1984; Yamamoto et al., 1984b). But 
also other anesthetics are used: carbon dioxide 
(Schreider and Raabe, 1980), Chloralose (Gannon et 
al., 1982), ether (Hammer and Santer, 1981; Irmscher 
et al., 1968; lwaku and Ozawa, 1979; Kardon and 
Kessel, 1979; Ohtani, 1980; Raj and Meserve, 1982; 
Tatematsu et al., 1978), Halothene (Page and 
Bergland, 1977), Hyponorm (Wellens et al., 1976), 
Ketalal (Hijiya and Okada, 1978), 
Ketamine-hydrochloride (Frasca et al., 1978), Metafan 
(Zamir et al., 1983), and Thiopental-sodium 
(Kobayashi et al., 1976; Schmidt et al., 1982, 1983b). 
Further combinations like ether and nembutal 
(Browning and Gannon, 1984) or ketamine (22mg/kg 
bw.) and xylazin (lmg/animal) are reported 
(Schenkman et al., 1985). 
So far one study only has considered the 
influence of the anesthesia on the success of the 
casting (Christofferson, 1988). 
Preparation for casting studies 
Injection site. The casting medium should be 
injected as close as possible to the specific tissue or 
organ one intends to fill. However it has to be 
ensured that all supplying arteries have the chance to 
get filled. Therefore prior to casting similar 
preparations in which the vasculature has been filled 
with Microfil or Latex and the tissue cleared (Ohtani 
and Gannon, 1982) should be examined by light 
microscopy to ensure arterial supply. In exposing the 
injection site great care should be paid to cut as few 
vessels as possible, because damaged or cut arterial 
vessels are potential efflux-ways for the injected 
casting medium. This fault can be minimized by using 
an electro-cauter . So far in most studies the casting 
medium was injected via the left ventricle (Hossler 
and Olson, 1984), the aorta (Legg and Gow, 1982), or 
its large branches (Castenholz, 1983a; Hossler and 
Olson, 1984; Midtgard, 1984; Morrison and Van 
Buskirk, 1984a, 1984b) regardless which tissue or 
organ was the target. But it should be pointed out, 
that whenever an extensive capillary bed is interposed 
between injection site and target organ the great 
increase in vascular resistance might result in 
incomplete filling of the organ. This happens, for 
example, in casting the brain vascular system of 
cyclostomes and fishes. When the casting medium is 
injected via the ventricle or the ventral aorta, a very 
poor - or even no - filling of the brain vascular bed is 
given. However, when the injection takes place distal 
to the gills - in our study via the internal carotids -
an excellent filling is obtained (Lametschwandtner, 
1982; Weiger et al., 1988a, 1988b; Fig. 1). 
Care should be taken to prevent superficial 
microvascular shut-down due to slight trauma of 
handling the tissue or organ to be cast, or to their 
exposure to air (Gannon et al., 1982; Rogers and 
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Gannon, 1981; Verco et al., 1983a). 
Rinsing. It is important to rinse the circulatory 
system free of blood, because blood cells would act as 
obstacles for the casting medium. Injection of 
anticoagulants or their administration to the rinsing 
solution avoid the formation of thrombi and blood 
clotting. The most used rinsing solutions (with or 
without anticoagulants) are: 0.15 M NaCl (Fujii et al., 
1979; Grunt et al., 1982; Hoshino and Ishioka, 1982; 
lwaku and Ozawa, 1979; Nopanitaya et al., 1979; 
Northover et al., 1980; Nowell and Lohse, 1974; 
Spinelli, 1974; Tatematsu et al., 1978); 
phosphate-buffered saline (PBS) (Hodde, 1979a, 1979b; 
Hodde et al., 1977; Jasinski and Miodonski, 1981; 
Miodonski et al., 1978; Miodonski and Jasinski, 1979; 
Olson, 1981; Olson et al. , 1981); Ringer solutions 
(Adam et al., 1978; Albrecht, 1980; Albrecht et al., 
1978a; 1980a; 1980b; Bergland and Page, 1979; Klein, 
1980; Lametschwandtner et al., 1978a; 1978b; Weiger, 
1981); Tyrode solution (Casellas and Mimran, 1981; 
Kardon and Kessel, 1979); Paldy buffer (Hodde and 
Veltman, 1979); phosphate buffer (lrino et al., 1982). 
In several studies the attempt is made to adjust 
rinsing solutions also to the osmotic pressure of the 
blood plasma of the animal studied by adding 
dextrane (3%; Gannon, 1978). In general, the 
temperature of the rinsing solution is adjusted to 37'C 
- 40°C in mammals (Casellas and Mimran, 1981; 
Gannon et al., 1982; Habashi et al., 1983; Hodde et 
al., 1977; Hoshino and Ishioka, 1982; Miodonski et al., 
1976; 1979; 1980b; Simonsberger et al., 1977), but also 
room temperature and temperatures between 20'C and 
37°C are reported. It is interesting to mention that in 
some studies rinsing is done with solutions heated to 
50°C - 55°C (Miodonski et al., 1978; Murakami, 1971). 
This is done because the vessels store warmth and 
therefore the polymerization velocity of the 
subsequently injected casting medium is increased. 
But before this procedure can be recommended, it 
should be carefully studied if vascular changes occur. 
There are few comprehensive studies, which point 
out the effect of rinsing with different solutions and/or 
various temperatures on the quality of castings 
(Christofferson, 1988; Schraufnagel and Schmid, 
1988c). 
Unfortunately in many papers no comments 
concerning rinsing temperatures are made. At the 
present moment there are still few data only available 
to draw a comparison between rinsing solutions, their 
temperature, and the quality of the cast 
(Christofferson, 1988; Schraufnagel and Schmid, 
1988c). 
Another point of interest is the duration of the 
rinsing. Most authors simply state "rinsed until reflux 
was clear", but this does not necessarily indicate that 
the vascular system to be cast is indeed free of blood 
cells. In the saccus vasculosus of the teleost brain, for 
example, blood cells still remain in the wide sinusoid 
vessels even if rinsing via the internal carotid is done 
over a prolonged period of time (Lametschwandtner; 
unpublished observation) 
Therefore we recommend that authors give the 
following data on rinsing: kind of rinsing solution 
(concentration, pH, molarity, osmolarity), temperature, 
flow rate, hydrostatic pressure (see below), volume, 
A. Lametschwandtner, U . Lametschwandtner, T. Weiger 
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Fig. 1. Brain of Acipenser ruthenus (Acipenseridae, Chondrostei). Dorsal view. Photomontage consisting of three 
micrographs. Part of the dorsal sac is removed. Mercox CL-2B. Bar = 1 mm 
duration of rinsing. 
Perfusion pressure. The appropriate perfusion 
pressure in rinsing, fixing, and casting the vascular 
system still remains to be discussed. So far it is 
generally accepted that the perfusion pressure should 
be equal to the mean arterial pressure at the injection 
site (physiological pressure). Pressures reported for 
rinsing range from 20-40 mmHg (for portal veins, 
Yamamoto et a1., 1984c) to 150-200 mmHg (for large 
hepatic arteries, Yamamoto et a1., 1984c). In other 
cases rinsing pressures are given in mmH20 (Schmidt 
et a1., 1985). Though in preparations of perfusion fixed 
and critical-point-dried blood vessels maintainance of 
the actual (in-vivo) perfusion pressure is considered 
as very important, only little attention is paid to it in 
corrosion casting. Future studies should focus more 
on this matter. In our experience a perfusion by 
gravitation (hydrostatic pressure) is sufficient. 
Depending on the size of the animal studied and 
the site of the injection, various injection devices are 
reported. They range from simple sets consisting of 
syringe, tube (polyethylene, polyvinyl-chloride), and 
injection cannula (plastic, metal, glass) with 
mechanical screw devices (Lametschwandtner et a1., 
1976) to complex electronic infusion pumps with 
adjustable constant flow rates (Lahnsteiner et al., 
1990). It has to be stated that the lumen of the 
cannula should be as large as possible, otherwise too 
much pressure has to be put on the syringe. This is 
very important when small vessels are injected. Here 
glass tubes with thin walls can be used as capillaries 
with maximal lumen and minimal outer diameter. 
Depending on the anatomy and the size of the 
cannulated vessel the cannulae are either fixed in situ 
by a ligature of suture silk or thread; they are held 
by a micromanipulator (Ditrich and Splechtna, 1989a) 
or are just held by hand in proper position. 
When talking about physiological pressure the 
problem of measurement arises . It is inappropriate to 
take the measurement of the pressure within the 
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injection system. This is done in many studies by 
putting a manometer via a T-shaped piece somewhere 
in between syringe and cannula, but data recorded 
this way are not relevant (Taniguchi et al., 1955). 
They are not equal to the intravasal (luminal) 
pressure at the target site which represents the true 
parameter! Furthermore, it is not the height of the 
centrally measured injection pressure - if casting of 
peripheral vascular territories is done - which finally 
accounts for the sucess of casting, but it is the 
pressure which reaches the target site . From the law 
of HAGEN-POISEUILLE (see Eckert, 1986) we can 
deduce that the longer and wider the vascular 
pathway to the target site and the higher the 
viscosity of the injection media is the less resin will 
flow. For practical work this implies 1) to keep 
injection lines short and 2) to use very thin walled 
injection cannulas with the lowest possible ratios of 
outer to inner (luminal) diameter (see above). This 
becomes most important in casting the blood 
circulatory system of larvae (Heinz, 1981) or embryos 
(Ditrich and Splechtna, 1989a; Burton and Palmer, 
1989) with low systemic blood pressure and delicate 
blood vessels. Short and narrow injection lines hold 
the time short needed to replace the rinsing solution 
by the casting medium. Thus the time available for 
resin injection is prolonged. The intraluminal pressure 
sofar was measured in the left renal artery while 
casting the right kidney (Wilson and Heptinstall, 
1984). 
Today the impact of perfusion pressure on cast 
vessel morphology is well documented (Olson, 1983). 
We further know that the morphology of endothelial 
cell nuclei is affected by shear stress forces acting on 
the vessel wall (Nerem et a1.,1981b). The preservation 
of the typical "arterial type" and "venous type" of 
endothelial cell nuclei imprints prior to casting is 
extremely important because subsequent casting will 
replicate these pattern (Miodonski et al., 1976) and 
thus enables to assess intracapillary blood flow by 
SEM of vascular corrosion casts 
means of tracing endothelial cell nuclei imprint 
patterns (Christofferson, 1988). 
In respect to injection pressure "high-", "medium" 
and "low-pressure" injections are reported (Grunt and 
Lametschwandtner, 1985; Grunt et al.,1985; 1986a, 
1986b; Christofferson, 1988). The idea is to find out 
which changes in cast vessels have to be attributed to 
the injection pressure. Different injection pressures 
actually replicate differently luminal surface details 
like endothelial cell nuclei and endothelial cell border 
lines as well as altered vascular beds (Christofferson, 
1988; Grunt et al ., 1986a; 1986b). 
Prefixation of the vascular system. The necessity 
to prefix the blood vascular system before casting is 
still disputed. At present delicate embryonal, fetal or 
larval vessels, and vessels weakened by tumorous 
processes are generally not fixed (Mc lndoe and 
Smith, 1984a; 1984b; Ditrich and Splechtna, 1989a; 
Burton and Palmer, 1989; Bockman et al., 1989). 
However it is important to know whether one is 
interested in casts revealing true (= in vivo) 
endothelium imprints or in just a complete filling of 
all vessels present at the time of injection. 
If quantitative measurements are done on casts of 
large elastic arteries a pressure fixation is 
recommended (Kratky et al., 1989) . Further 
indications to "prefix" vessels for casting are 1) the 
use of very low viscosity casting media, which 
otherwise escape from the vessel lumen (Murakami, 
1975a; Schraufnagel and Schmid, 1988b) and 2) the 
improvement of endothelial cell (nuclei and border 
lines) replication (Christofferson, 1988). Arguments 
against fixation of mature vessels are that fixation 1) 
impairs vascular filling (Christofferson, 1988) and 2) 
induces vasospasms with several oscillations in the 
intraarterial pressure (Christofferson, 1988). There is 
no significant difference in the clearing time of tissue 
fixed prior to casting versus unfixed tissue (lung, 
liver, kidney) (Hodde et al., 1990; Schraufnagel and 
Schmid, 1988b). 
While in perfusion fixation procedures the arterial 
pressure is adopted to the animal's in-vivo systemic 
pressure, the venous pressure is neglected by opening 
large venous vessels as pathways for fluid eillux. If 
arterial and venous pressure-loading perfusion fixation 
(Suzuki et al., 1989) increases subsequent casting 
done under the very same conditions is not yet tested. 
The following fixatives are reported: 
glutaraldehyde (0.5%, 1 %, 1.5%, 2%, 2.5%, 3.5%, 5%, 
and 6%) (Bosman et al., 1982; Gaudio et al., 1982; 
Hodde et al., 1977; Kazimierczak, 1978; 
Lametschwandtner et al., 1977a; Miodonski et al., 
1980b; Papaccio and Pisanti, 1984; Wilson and 
Heptinstall, 1984; Yamamoto et al., 1984a), 
formaldehyde (2%), paraformaldehyde (5%), and 
Karnovsky's full (Kas et al., 1986) or half strength 
fixative (Weerasooriaya and Yamamoto, 1985). Buffer 
solutions are cacodylate (pH 7.4 in mammals), 
phosphate buffer, or Sorensen buffer (Legg and Gow, 
1982). 
Similar as in rinsing solutions the data 
characterizing the prefixation are in generally very 
poor. The duration of the fixation is reported from 1 
to 7 minutes, data on pH, osmolarity, and 
temperature of the fixative are often lacking. In cases 
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where fixation is necessary we recommend the authors 
to state the following parameters: kind of fixative, 
buffer solution, pH, molarity, osmolarity, temperature 
of the buffered or unbuffered solution, duration of 
fixation. 
Casting media. Nowadays many casting media 
are commercially available. Suppliers and handling of 
these media are already well documented (Burger et 
al., 1984b; Dainippon Ink and Chemicals data sheet; 
Hodde and Nowell, 1980a; 1980b; Kratky and Roach, 
1984; Murakami et al., 1984). In practical work 
however only few media are used, Mercox (CL 
colorless, B blue, R red), methylmethacrylate 
(Murakami, 1971), modified Batson No 17 (Nopanitaya 
et al., 1979), Araldite CY 223 (Christofferson, 1988, 
Hanstede and Gerrits, 1982), and Tardoplast 
(Amselgruber et al., 1989a). These media fulfill most 
of the 10 criteria stated initially by Gannon (1978), 
Hodde and Nowell (1980a, 1980b), Nowell and Lohse 
(1974) and extended by Christofferson (1988). 
According to these authors casting media should 1) be 
non toxic both for the investigator and for the system 
to be casted, 2) be of sufficient low viscosity or 
particle size to pass also through smallest capillaries, 
3) be physiologically inert in the system cast, 4) 
polymerize within 3 - 15 minutes after mixing-up, 5) 
not shrink during curing, 6) permit microdissection 
with surrounding tissue intact, 7) be resistent to 
corrosion procedures, 8) be visible in the dissecting 
microscope after corrosion, 9) retain the structural 
configuration during drying, 10) be electron 
conductive, 11) be resistent to electron bombardment, 
12) replicate also delicate topographical details of the 
vessels luminal surface and 13) indicate the direction 
of blood flow in the system cast. It must be said that 
none of the casting media can fulfill all the criteria 
strictly as they are postulated. Criteria 5 and 9 for 
example, polymerization without shrinkage or 
distortion, is not possible because polymerization 
always results in shrinkage, due to the nature of 
polymerizing resins. But shrinkage should be minimal. 
From a physiological point of view the greatest 
disadvantage of the scanning electron microscopy of 
vascular corrosion casts is the impossibility to receive 
striking information about the blood flow within the 
capillaries. The finding that endothelial cell nuclei 
imprint patterns change from the arterial side to the 
venous side of the capillary basically enables to study 
blood flow direction in a capillary segment 
(Christofferson, 1988), but requires well cast 
capillaries with imprint patterns well preserved. 
Addition of suitable particles to the injection medium, 
which could show indirectly the direction of blood 
flow, respectively the flow of the casting medium as 
suggested by Albrecht et al. (1978a) might also help. 
These particles, which are not yet available, should 
fulfill the following criteria: 
- adequate size, small enough to pass the capillary 
bed (see also point 1 in Hodde and Nowell, 1980a; 
1980b). 
- adequate shape, which means that the particles 
show good hydrodynamic properties. One distinct point 
of a particle should point in the direction of blood flow 
with statistical confidence. 
- adequate chemical nature. The particles should be 
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resistant against corrosion and be of the same specific 
weight but of higher electron conductivity as the 
casting medium. Thus they could be localized at the 
cast surface, by using the backscattered electron 
imaging mode (BEi) when the specimen is studied in 
the scanning electron microscope. 
Viscosity. Two contrary conditions are stipulated: 
resin prepolymerization should be as low as possible -
ideally the viscosity of the casting medium should 
mimick blood viscosity, which is around 5 centistokes 
in rat and man - to get a complete filling especially 
of the capillary bed and good endothelial cell 
replication (Christofferson, 1988), on the other hand 
it should be high to obtain minimal shrinkage of the 
medium. Therefore a compromise has to be made and 
the viscosity should be as high as there is still a total 
filling of the terminal vascular system. On this 
particular matter further studies are to be made to 
find out - for each casting medium - the viscosity 
where both criteria are in balance. In spite of the 
importance of the viscosity (Gannon, 1978; 1979b; 
Hodde and Nowell, 1980a, 1980b; Weiger et al., 1986b, 
Christofferson, 1988) most studies using scanning 
electron microscopy of vascular corrosion casts lack 
viscosity data. 
Initial resin viscosities which guarantee a 
sufficient good casting of the microvascular bed range 
from 1.5 centistokes (Murakami et al., 1989b) to 261 
centipoise (Nopanitaya et al., 1979) (1 centistoke = 1 
centipoise/density). Higher initial viscosities (up to 
80 .000 centipoise in case of JRTV; for details see 
Kratky et al., 1989) are either reported for model 
castings or for casting of larger blood vessels and do 
not replicate the microvascular bed. 
Measurements of resin viscosity are often done 
under different conditions and are therefore not 
directly comparable. 
It has to be postulated that future work should 
include more detailed studies on the basic chemistry 
of the three mostly used casting media, Mercox, 
methyl methacrylate, and modified Batson No 17. 
Replication quality. If the luminal surface of the 
vessels is the subject of the study, the replication 
quality of the casting medium is very important. If it 
is high, the cast endothelium can even be more close 
to the in-vivo dimensions than the critical-point-dried, 
because here the tissue shrinkage in general exceeds 
shrinkage of the casting media (Reidy and Levesque, 
1977). In very few studies the replication qualities of 
casting media are compared (Weiger, 1981; Weiger et 
al., 1982; 1986b). But it can be shown very 
convincingly that Mercox and methyl methacrylate 
replicate microridges truthfully (Figs. 2 and 3), when 
casts are compared to glutaraldehyde-fixed and 
critical-point-dried specimens (Fig. 4). For more 
detailed information about this problem see Weiger et 
al.(1986b). The casting (=replication) quality of the 
media used nowadays is high enough to give good 
negative images (=replicae) of the luminal surface of 
vessels. Arteries (Figs. 5 and 6) and veins (Fig. 7), 
characterized by distinct endothelial patterns 
(Obersteiner, 1896), and capillaries (Fig. 8) can thus 
easily be discerned in casts (Hodde et al., 1977; 
Miodonski et al., 1976). Also endothelial lesions like 
arteriosclerotic plaques can be demonstrated (Kratky 
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and Roach, 1984). Finally, it has to be pointed out 
that the scanning electron microscopy of vascular 
corrosion casts offers the great advantage to screen 
vessel lumina over large areas without the necessity 
to expose the lumen as in critical-point-dried 
specimens. 
Using the conventional scanning electron 
microscope the casting technique up to now failed to 
replicate fine structures like endothelial fenestrations 
(Hodde, 1981a; Christofferson, 1988). If this failure is 
given by the precasting procedures (rinsing, fixing), 
the physico-chemical properties of the media used 
(Christofferson, 1988) or simply by the use of the 
"conventional" scanning electron microscope with its 
limited resolution remains open for further studies. 
Examination of properly prepared casts of definitly 
fenestrated vessels with the low-voltage high-
resolution scanning electron microscope (LV-HRSEM) 
could help to clarify the topic . Using Batsons No 17 
and a field emission scanning electron microscope the 
insect tracheal system down to tubules with a 
diameter of 222 nm respectivly 70 nm (not shown) 
could be cast (Meyer, 1989). 
From the resins used for casting of the 
microvascular bed only low viscosity methyl-
methacrylate (LVM) is studied in respect to its 
molecular composition (Christofferson, 1988). The size 
of the gyration radius which theoretically is important 
in respect to the limits of replication was calculated 
to range from 8.36 to 12.6 nanometers (Christofferson, 
1988). Relevant data on other casting resins are not 
yet available. 
Shrinkage. Volume shrinkage and initial degree 
of viscosity are inversely related. The less viscous the 
injected resin is the more final shrinkage will be. The 
shrinkage behavior of the casting media is of great 
importance, because the casts should reflect the 
in-vivo status of the vascular system as close as 
possible. Especially if quantitative studies are done 
shrinkage becomes an important parameter. Therefore 
one should not only rely on the data given by the 
manufacturing companies. In general they refer to 
national standards with no comments on the method 
used for determination and so data cannot be 
compared. At the present moment shrinkage data are 
only available for: 
Mercox: 6% (volume) (Weiger, 1981; Weiger et al., 
1982); 8% (volume) (Weiger et al., 1986b); 
Mercox Cl-2B + Metylmethacrylate (4+1, v/v): 12 % 
(volume) (Weiger et al., 1986b); 
Methyl methacrylate: 20% (volume) (Weiger, 1981; 
Weiger et al., 1982; 1986b) 
Batson No 17 (modified): 1 % (?) (Potter and Groom, 
1983) 
Batson's plus MMA (2.4 : 1) : 20 +/-0. 7 % (Kratky and 
Roach, 1984) 
Batson"s plus MMA (1.1 : 1) : 16 % (Legg and Gow, 
1982) 
Batson's plus Sevritron (2.8 : 1): 17 +/-0.7% (Legg and 
Gow, 1982) 
However these data are not comparable, since 
they were obtained under different conditions. 
When discussing volumen shrinkage one has also 
to differentiate if shrinkage occurs in a solid container 
(glass tube; Zamir and Chee, 1987; Kratky and Roach, 
SEM of vascular corrosion casts 
Fig. 2. Replica of the epidermis of Blennius pavo 
(Perciformes, Teleostei) made from Mercox CL-2B. 
Note the replicated microridges. Bar = 5 µm . 
Fig. 4. Epidermis of Blennius pavo (Perciformes, 
Teleostei). Critical-point-dried specimen. Note the 
system of microridges. Bar = 3 µm. 
1984; Legg and Gow, 1982; Weiger et al., 1986b) or in 
an elastic artery (Kratky and Roach, 1984; Kratky et 
al., 1989). For a more detailed listing of shrinkage of 
different casting media (including high viscous media 
and gallium) see Kratky et al .(1989). 
Having in mind that the recipe of Mercox states 
a shrinkage of less than 1 %, the problem becomes 
evident. Future studies should investigate the 
shrinkage under well defined experimental conditions. 
That means model casting with media of the same 
viscosity under identical conditions. The grade of 
prepolymerization is not necessarily the same, because 
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Fig. 3. The same as in Fig. 2, but replica made from 
methyl methacrylate. Bar = 5 µm . 
Fig. 5. Cast artery of the anuran brain (Bufo bufo L.) 
with imprints of endothelial cell nuclei and circular 
constrictions. Methyl methacrylate. Bar = 20 µm. 
the dimensions of the specific monomers and 
subsequently of the polymers might be different (see 
above). 
Injection. For the injection of the casting media 
in general the same device and the same site is used 
as in the previous rinsing or prefixation steps. 
Exceptions are the use of a hydrostatic perfusion 
system, or interposition of intensive capillarized 
organs between site of injection and area to be cast. 
Injection pressure. Depending on the tissue and 
organ to be cast and on the site of the injection 
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pressure values from 20 mmHg (Cast.enholz, 1984a) up 
to 250 mmHg (Shikata and Takuo, 1985) are reported. 
Control of the injection pressure. Reviewers of 
papers dealing with scanning electron microscopy of 
corrosion casts often ask about the injection pressure 
applied to fill the vascular bed. Most times it is said 
that the pressure might have been either too low, 
thus resulting in an incomplet.e filling, or too high, 
thus giving way to evasations by rupture of 
capillaries. Criteria for the first are said to be blind 
ending vessels and the lack of endothelial imprints on 
the cast surface, for the second a uniform mass of 
casting medium and the lack of endothelial imprints 
too. To control the injection pressure of the casting 
medium there are several possibilities. A subjective 
criterion is the "dry nose crit.erion" in mammals 
(Hodde and Nowell, 1980a; 1980b). This simply means 
that as long as there is no outflow of transudate from 
the nose of the animal the injection pressure cannot 
be too high. Another rather reliable crit.erion is a good 
filling of the eye's choroid vessels, which can be 
controlled macroscopically, if a colored medium is 
used. In general it can be stated, that a coloration of 
the cast organ indicates filling, but it does not 
guarant.ee a complete filling. 
The control of injection pressure by hand (Burger 
et al., 1984b; Castenholz, 1984a; Morris and Bevan, 
1984; Nelson et al., 1984), by manometer, by 
transducers (Wilson and Heptinstall, 1984) or by 
inspection of the injection sit.e under the dissecting 
microscope (Legg and Gow, 1982) still remains to be 
discussed. The only relevant measurement is when the 
pressure is recorded within the vessel that is cast 
(Rogers and Gannon, 1981). Remembering the flow 
charact.eristics of casting media however the question 
arises, how relevant measurements are when they are 
done in the larger supplying vessels, which are far 
apart from the target organ or tissue. Because of the 
charact.eristic physicoachemical properties of casting 
media there is also the possibility that each medium 
owns a central injection pressure much higher than 
the peripheral pressure. Under in-vivo conditions the 
peripheral pressure could be just in the physiological 
range, but so far this lacks any evidence though 
studies done with high injection pressures show good 
casting of the entire vascular system without 
ext.ensive extravasation. At the present no data are 
dealing with this matt.er. It should be of int.erest for 
future work to give definite statements on injection 
pressure and its measurement. Too little is known 
concerning various important charact.eristics of the 
casting media (polymerization rates, rheology) used at 
present. 
Injection volume. Depending on the animal 
species and size whole body preparations, single 
organs in situ, and isolated organs require different 
quantities of casting medium to be filled properly. 
Actually, in practical work it is necessary to infuse 
more of the casting medium, because reflux drains it 
excessively. In general volumes injected range from 
0.2-1 ml (lrino et al., 1977; Murakami et al., 1973a; 
1973b; Nopanitaya, 1980; Ohtani and Ohtsuka, 1985; 
Schmidt et al., 1983a) up to 60 ml (Ohtani, 1980). It 
has to be stat.ed that the quantity of inject.ed medium 
per se is not significant, because of the uncontrolled 
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reflux. Only in combination with the grade of 
polymerization, the duration of the injection, and the 
flow rate (injection rate) this paramet.er becomes 
interesting. Flow rat.es of resin injections report.ed are 
0.2ml/min (Grunt et al., 1986a; 1986b), 0.5ml/min 
(Grunt et al., 1986a; 1986b), 0.85ml/min (Grunt et al., 
1986a; 1986b) 2-3ml/min (Morris and Bevan, 1984) 
and lOml/min (Zeitz et al., 1984). 
Duration of injection. As stat.ed above the 
duration of injection is of practical importance because 
polymerization of the casting media proceeds during 
injection. This results in increasing injection pressure, 
incomplet.e filling, or even failure of the casting 
procedure. The time necessary for a complet.e filling 
depends on different parameters: injection site, size 
and intrinsic vascularity, relation of the interesting 
area to the injection sit.e, lumen of the cannula, 
viscosity of the casting medium, and injection 
pressure. Some parameters can be alt.ered, for 
example viscosity by dilution, gelling time by various 
quantities of accelerator, lumen of the cannula by 
more thinwalled glass tubes, and so the duration of 
injection can be prolonged to a certain extent. 
Practically it is important to have as much time as 
possible for injection to produce good casts, especially 
in respect to unexpected delays. Without knowing the 
grade of polymerization (viscosity) and the flow rat.es 
the duration of injection of a casting medium is of 
little use. Report.ed durations so far are: 
Mercox: 1-4 min (Bhalla et al., 1981; Kanzaki et al., 
1982; Ohtani, 1980), 10-12 min (Grunt, 1985), 15 min 
(Ditrich and Splechtna, 1989a). 
Batson No 17: 0.5-5 min (Malick and Toth, 1977; 
Schmidt et al.,1983a) 
Technovit 8001: 2 min (Schafer et al., 1973) 
Unsaturated polyest.er: 6 min (Northover et al., 1980) 
Trylon: 15 min (Habashi et al., 1983) 
The question when the filling is complet.ed cannot 
be answered. Up to now no objective crit.eria are given 
and the decision over the duration of injection only 
depends on the experience the researcher obtained 
from previous casting experiments. 
Aft.er the injection of casting medium is finished 
the cannula is either left in place till the end of 
polymerization or it is removed and the inject.ed vessel 
is ligated to prevent reflux. In cases where the cast 
region is far apart from the injection site ligation can 
be omitt.ed without any obvious consequences on the 
complete filling of the organ. 
Polymerization. If an appropriat.e casting medium 
was prepared and the injection procedure did well 
polymerization will strongly increase right aft.er the 
injection is finished. No data are available on the time 
between the mixing of the casting medium and the 
end of polymerization. 
To get full polymerization in some studies the 
injected animals (tissues, vessels, etc.) are kept 
without any further handling overnight at room 
temperature (lwaku and Ozawa, 1979; 
Lametschwandtner, 1976). In others the injected 
specimens are put into a hot water bath right aft.er 
the injection is finished. Reported t.emperatures range 
between 40°C - 50°C (Hodde et al., 1977; Jasinski and 
. Miodonski, 1978; Miodonski et al., 1978), 60°C - 70°C 
(Murakami, 1971; Ohtani, 1979), and 80°C (Ohtani 
SEM of vascular corrosion casts 
Fig. 6. Cast artery of the hagfish brain (Eptatretus 
stoutii, Cyclostomes). Detail revealing nuclei imprints 
and cell borders. Mercox CL-2B. Bar = 5 µm. 
Fig. 8. Vascular corrosion cast of the capillary 
network of the paraventricular organ (PVO) of Bufo 
bufo L. (Amphibia, Anura). Note the imprints of the 
endothelial cell nuclei. Methyl methacrylate. Bar = 50 
µm. 
and Naito, 1980). The specimens are left in the water 
bath from 30 min (Hodde et al., 1977; Jasinski and 
Miodonski, 1978; Nopanitaya, 1980) to 12 - 24 hours 
(Heinze and Kantor, 1972; lrino et al., 1982; Kondoh, 
1973; Logan et al., 1980; Murakami, 1972; Rogers, 
1981). 
To get maximal polymerization casts ideally have 
to be tempered by placing them for at least 12 hours 
into a water bath at 60°C. Higher temperatures 
should not be applied since the thermostability of the 
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Fig. 7. Cast vein of the anuran brain (Bufo bufo L.) 
with imprints of endothelial cell nuclei. Methyl 
methacrylate. Bar = 10 µm. 
Fig. 9. Mini wheel-saw (MWS) in a cryomicrotome 
chamber. B binocular. Arrow points to the wheel-saw. 
Bar= 5cm. 
cast might be surpassed resulting in plastic 
deformation of the cast (see below). 
Besides, a hot water bath not only facilitates the 
polymerization, it also prevents desiccation and 
shrinkage of the specimens. The latter could lead to a 
severe distortion of the cast system and thus change 
the angioarchitecture (angioarchitecture means the 
3-dimensional arrangement of all vessels). An 
immersion also softens the tissues and therefore the 
following maceration procedure is easier. 
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Maceration. When the injected casting medium is 
polymerized the specimen is put into maceration 
solutions. As agents are used: NaOH 10% - 30% 
(Bha11a et al., 1981; Case11as and Mimran, 1981; 
Lametschwandtner et al., 1977a; 1977b; 1977c; 
Miodonski et al., 1979; Ohtani, 1980; Tatematsu et al., 
1978) and KOH 10% - 40% (Do11inger and Armstrong, 
1974; Kazimierczak, 1978; Matsusaka and Fujibayashi, 
1974; Ohkuma and Ryan, 1982a; 1982b; Potter and 
Groom, 1983; Rogers, 1981; Rosenbauer, 1980; 
Takemori et al., 1982). In some specific studies, where 
the relations between vascular cast and surrounding 
tissue are of interest, co11agenase or trypsinase are 
used (Case11as and Mimran, 1981). 
Temperatures of maceration solutions range from 
50°C - 70°C, maxima11y 80°C. Depending on the size 
and nature of the specimens (whole body, excised 
part) the maceration lasts from 2 hours (Simonsberger 
et al., 1977) or several days (Hoshino and Ishioka, 
1982; Kent and Olson, 1982; Reidy and Levesque, 
1977) up to 3 weeks (Hodde, 1979a). 
Tissue maceration by alkali can be optimized by 
a gradient of alkali around the specimen . This is 
achieved best by suspending the injected specimen (in 
a net) into the corroding solution stirred by a 
magnetic stirrer (Motti et al., 1987). 
In order to preserve replicated delicate structures 
the corrosion resistance of the injection media is very 
important. Duration of maceration, strength and 
temperatures of agents used are crucial variables . 
Previous studies reported the effects of different 
concentrations of alkalis (NaOH, KOH, sodium 
hypochlorite) and acids (HCl, H2SO4, HNO3 , 
bichromate sulfuric acid, chromium trioxide, 30% 
hydrogen peroxide and HCOOH) on cast surface 
morphology (Christofferson, 1988; Weiger et al., 1982). 
Serious damage of cast details of the endothelial 
luminal surface necessary to diagnose vessels 
(Miodonski et al., 1976) can occur (Weiger et al. , 
1982). 
In summary it becomes evident that there are few 
straightforward protocols as far as the maceration of 
injected specimen is concerned. We attribute the great 
differences reported in respect to the time needed to 
get clear casts (i .e. free of tissue remnants) to 1) 
different sizes of specimens cleared, 2) different 
composition of tissues, 3) different vascular densities 
and 4) different treatment of specimens before 
corrosion (maceration). Recently a contro11ed study on 
the maceration of cast rat lung tissue compared the 
major corrosive agents sodium and potassium 
hydroxide with water and tested the use of prealkali 
autolysis, detergents and proteolytic enzymes in a 
Latin square test (Schraufnagel, 1989b). The results 
confirmed that alkali corrodes best and longer 
corrosion (maceration) periods and the use of higher 
temperatures enhance maceration potentials of alkali . 
The use of proteolytic enzymes, detergents and warm 
tap water alone prior to alkali treatment had no 
significant influence on maceration potential of alkali . 
Another study suggests the use of low concentrated 
macerating solutions (5-10% sodium hydroxide) 
together with or fo11owed by 5 - 20% Triton X-100 
(Hodde et al., 1990). 
The multiple transfers of the vascular corrosion 
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casts from maceration solution to tap water and vice 
versa can be done best with a piece of cardboard. In 
this way the cast can easily be lifted up without 
serious distortions. Deformations and breakage of 
vessels can thus be minimized. 
During polymerization and maceration the 
vascular corrosion casts are exposed to higher 
temperatures that can influence the stability of the 
casts. The total stability of a cast results from the 
thermostability of the casting medium and the 
particular angioarchitecture. Model experiments show 
that the two mostly used casting media, Mercox and 
methyl methacrylate, have different thermostabilities 
(Weiger, 1981; Weiger et al., 1982). 
But cast preparations without maceration of the 
tissue and their treatment by ultrasound has been 
described (Castenholz, 1983a; 1983b). This procedure 
offers the fo11owing advantages: a) visualization of 
tissue structures in the middle and outer vascular 
wa11 (myocytes and pericytes, basement membrane, 
adventitial tissue) , and b) preservation of the 
relationship between the cast vessels and the 
surrounding tissue. 
Decalcification. In general, bones are removed by 
putting the specimens into 2% HCl. Placing bony 
material into a 3% sodium peroxide solution is 
another choice (Draenert and Draenert, 1980a). 
Alternative rinsing in tap water is recommended. 
Duration of decalcification depends on the quantity of 
bony structures and may last even longer than three 
weeks (Konerding and Blank, 1987; Konerding, 1988). 
Cleaning. In most cases vascular corrosion casts 
are free of tissue after handled as described above 
and they may be stored in distilled or bidistilled 
water for further handling. If tissue still adheres to 
the cast surface the specimen can be immersed in 5% 
formic acid for 5 - 15 minutes. This wi11 remove any 
remnants without changing the cast surface. In the 
literature also sodium hypochlorite (5%; Chappard et 
al., 1982) and trichloro-acetic-acid (5% - 10% ; Morris 
and Campbe11, 1978; Miodonski et al. 1981) are 
reported for cleaning purposes. Other acids should be 
used only very carefully. It was convincingly shown 
that the casting media used nowadays have different 
resistance against corrosion with acids. Concentration 
and duration of application might greatly influence 
the morphology of the cast surface (Weiger, 1981; 
Weiger et al., 1982). 
Ultrasonics (Gattone et al., 1983a; 
Lametschwandtner et al., 1977a; Matsubara et al., 
1979; Murakami, 1971; Smith and Rapson, 1977; 
Verco et al., i983a; Low, 1989) and the application of 
detergents (Schraufnagel and Schmid, 1988b; Hodde et 
al., 1990) can also be used for cleaning vascular 
corrosion casts. 
It is recommended to do the final cleaning under 
the microscope, using a syringe with a needle. Thus 
each region of the cast can individua11y be rinsed by 
a gentle jet of warm water. Only clean casts should 
be processed to further preparation steps! 
Drying. Three kinds of drying are possible: air 
drying, freeze drying, and critical-point-drying. The 
choice of which one of the three types is used depends 
on the angioarchitecture of the cast and the drying 
facilities available . 
SEM of vascular corrosion casts 
Air drying. Because of its simplicity this method 
is used quite often (Kazimierczak, 1980; Murakami et 
al., 1983; Yamamoto et al., 1984a; 1984b). It should, 
however, only be done if the vascular cast is very 
stabile. Only a thorough 3-dimensional meshwork of 
vessels provides the high stability that is needed to 
withstand the surface tensions occurring when the 
water evaporates. This problem can be omitted by 
drying the cast from solutions with lower surface 
tensions than water, i.e., alcohol, but with prolonged 
immersion in alcohols casts become softened (Brown, 
1985; Murakami et al., 1971). 
Drying should be done in a clean place 
(incubator). Air temperatures from 20°C - 60'C are 
applied (Dollinger and Armstrong, 1974; Nopanitaya, 
1980; Schmidt et al., 1983a; Simonsberger et al., 1977; 
West et al., 1977). Because of the thermostability of 
casts evaporation rates should not be accelerated by 
application of greater heat! 
Freeze drying. This is the method that can be 
used for all vascular corrosion casts (Hodde et al., 
1977; Kus et al., 1981; Matsubara et al., 1979; 
Ohtani, 1979; Staindl and Lametschwandtner, 1981), 
because the casts always stay safely in fluids . 
Depending on the size of the cast and the kind of 
freeze-drier the drying procedure lasts from several 
hours to several days. The cast, immersed in distilled 
water, should slowly be frozen to receive a 
homogeneous ice block without cracks and gaps that 
would break the embedded cast. For the freeze drying 
process also a self-constructed apparatus consisting of 
a deep freeze, a pre-vacuum pump, and a desiccator 
(present in all scanning electron microscope 
laboratories) can be used. It is also possible to take a 
cooling device as used in cooling microtomes, a 
pre-vacuum pump, and a cooling stage within a 
desiccator (Lametschwandtner et al., 1984b). 
Critical-point-drying. Critical-point-drying of 
vascular corrosion casts is used very rarely (Kardon et 
al., 1982; Kardon and Kessel, 1979; Miodonski et al., 
1979) and is mainly done in casts of Mercox and 
Batson No 17. The procedure is the same as routinely 
used in scanning electron microscopy. In general 
carbon-dioxide serves as drying agent. 
Dissection . Casts can be dissected a) right after 
polymerization of the casting medium is finished, b) 
during rinsing of the cast in distilled or tap water, c) 
while they are embedded in frozen distilled water, d) 
while embedded in gelatine, e) after they are dried, f) 
after they are mounted, g) repeatedly after 
examination of superficial layers, and h) within the 
scanning electron microscope. 
a) Dissection of the cast right after hardening 
(polymerization) is done in cases of whole body 
casting. The organ (tissue) of interest is excised with 
some supporting tissue around it and treated as 
stated above. Thus the demand of solutions can be 
minimized. But anyhow the casts prepared this way 
are too large for detailed examination and further 
dissection steps will be necessary. 
b) Dissection during rinsing already offers the 
possibility to expose details under the binocular, but 
delicate vascular structures get easily damaged by 
transfers to solutions and other further preparation 
steps. 
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c) Dissection of "ice embedded" frozen casts can 
be either done with razor blades which leads to a 
random cleavage of the cast (Kikuta et al., 1984; 
Murakami et al., 1984; Weerasooriya and Yamamoto, 
1985) or they are cut into sections by a band saw, or 
a self-constructed cutting device (Lametschwandtner et 
al., 1984b). For very small corrosion casts embedded 
in ice a mini wheel-saw placed in a cryomicrotome 
chamber can be used (Fig. 9). This device enables to 
cut very small casts under binocular control (Fig. 10). 
Ice blocks containing a vascular cast can be 
manipulated the same way as, for example, a paraffin 
embedded organ. After appropriate orientation of the 
vascular cast all kind of sections (longitudinal, 
transverse, tangential, horizontal. etc .) in thickness 
from 1.5 mm upwards (depending on the cutting 
device) can be made (Fig. 11). How exactly orientation 
and cutting can be done is shown in Fig. 12. Sections 
may either be stored in the deep-freeze for subsequent 
freeze drying or further cutting. Appropriate sections 
are thawed and cleaned in several passages of 
distilled water. 
d) Cutting of corrosion casts is also done while 
the cast is embedded in gelatine (Kohler, 1984; Leiser 
et al., 1985) or after having been frozen in liquid 
nitrogen (Kohler, 1984). 
e) and f) Dissection of dried vascular corrosion 
casts is done best after they are mounted, because 
damage of the cast is minimized. The cast can be 
dissected by a micromanipulator or freehand . 
Instruments suitable for this purpose are shown in 
Fig. 13. 
g) Repeated dissections are used to expose 
consecutive vascular layers step by step. It should be 
confirmed that all micrographs taken from one 
particular layer are indeed of good quality and reveal 
all interesting details - for once a layer is removed, it 
is gone forever! Not only whole layers, but also single 
capillaries within well circumscribed areas of the 
vascular corrosion cast can be removed. 
h) Dissection within the specimen chamber of the 
scanning electron microscope is done by 
micromanipulators (Reiss and Reale, 1989; Yoshida et 
al., 1986). Attention must be paid not to contaminate 
the vacuum pumps of the SEM by any piece of resin 
removed from the cast under work. 
Finally it has to be mentioned that besides the 
dissection of dried casts with razor blades also laser 
is used (Hodde and Nowell, 1980a; 1980b). But the 
laser beam can only be focused insufficiently which 
results in a melted surface of the cast. Further 
improvements would be necessary to make laser 
applicable for the scanning electron microscopy of 
vascular corrosion casts and besides this there is also 
the high cost which speaks against the use of a laser 
routinely in the near future. 
Size of dissected casts. Depending on the cast 
region(s) and on the size of the specimen chamber of 
the scanning electron microscope used for examination 
no requirements concerning the size of a cast can be 
given. Sizes reported range from 5mm x 5mm 
(Yamamoto et al., 1984a; 1984b) to lcm3 (Shikata and 
Takuo, 1985). 
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Fig. 10. Longitudinally sectioned corpuscle of Stannius 
of a teleost fish (Blennius pavo). Vascular corrosion 
cast. Mercox CL-2B. 
Fig. 11. Vascular corrosion cast of the canine 
myocardium. Transverse section cut by a band-saw. 
Thickness of the section: 5 mm. V ventricle . Mercox 
CL-2B. Natural size. 
Fig. 12. Brain of Acipenser ruthenus (Acipenseridae, 
Chondrostei). Sagittal section cut by using a 
band-saw. Photomontage consisting of three 
micrographs. Mercox CL-2B. Bar = 1 mm. 
Fig. 13. Instruments routinely used for vascular 
corrosion casts. Histological scissors (1), 
tympanectomy-scissors with straight (2) and curved (3) 
blades, watchmaker-forceps ( 4), insect-pin No 00 (5), 
specimen stubs (6). Bar = 25 mm. 
SEM of vascular corrosion casts 
Mounting. Corrosion casts are mounted on metal 
stubs (aluminium, brass). Many materials can be used 
to mount vascular corrosion casts: colloidal silver 
(Grunt et al., 1982; Hundeiker, 1972; 
Lametschwandtner et al., 1978a; Levesque et al., 
1979; Olson, 1983; Rosenbauer, 1980; Staindl and 
Lametschwandtner, 1981), carbon paste (Kanzaki et 
al., 1982), conductive paste (Ichikawa et al., 1977; 
Jasinski and Miodonski, 1978; 1979a; 1979b), epoxy 
resin (Levesque et al., 1979; Nerem et al., 1981; 
Potter and Groom, 1980), double-sided-gluing tapes 
(Albrecht, 1980; Getzinger et al., 1976; Northover et 
al., 1980). A very detailed and informative review on 
materials suitable for mounting SEM-specimens onto 
specimen stubs is given by Murphy (1982). For 
scanning electron microscopical studies most 
critical-point-dried tissue specimens are mounted on 
stubs by wet colloidal silver or by gluing tapes. This, 
however, should not be done with vascular corrosion 
casts, because: 
- the vascular corrosion casts consist of densely 
packed cast vessels which would suck up colloidal 
silver from the ground and thus large areas of the 
cast would become masked and lost for further 
examination. 
- the specimens cannot be removed without breaking 
grounded vessels. 
Remember the two main purposes mounting has 
to supply: a) stability of the cast for further handling 
including the manipulation within the specimen 
chamber of the scanning electron microscope and b) 
grounding of the cast surface to discharge the 
electrons and thus prevent - together with conductive 
layers - charging of the specimen during examination! 
An alternative to grounding in silver was found 
by mounting vascular corrosion casts with the help of 
"conductive bridges" (Lametschwandtner et al., 1980a). 
Fig. 15 demonstrates a cast mounted this way. The 
advantages are obvious. The specimen can be removed 
without breakage of vessels, it can be mounted in 
each desired position and charging is reduced strongly. 
After mounting, the specimen surface should be 
cleaned by a gentle jet of clean air under the control 
of the microscope. 
Rendering casts conductive. Nowadays plastics 
with a conductivity like copper are availiable (Kaner 
and Diarmid, 1988), but their suitability for casting 
purposes is not tested yet. Casting media used for 
vascular casts are non-conductive for electrons, they 
are insulators. For the examination in the scanning 
electron microscope they have to be coated with a 
conductive layer which a) facilitates the primary 
electrons to get grounded and thus prevent specimen 
charging and b) gives off secondary electrons which 
together with backscattered primary electrons form a 
good image. 
Several methods are reported to render vascular 
corrosion casts conductive: 
- impregnation with heavy metal vapors alone 
(Bergland and Page, 1979; Chappard et al., 1982; 
Irino et al., 1975; Lametschwandtner and 
Simonsberger, 1975; Murakami, 1975a; Murakami et 
al., 1974; Simonsberger et al., 1977) or in combination 
with vaporized hydrazine-hydrate (Browning, 1980; 
Irino et al., 1975; 1982; Malick and Toth, 1977; 
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Murakami, 1975a; Murakami et al., 1973a). The casts 
are exposed to the vapors from 12 - 48 hours 
(Bergland and Page, 1979; Browning, 1980). The 
osmium - hydrazine hydrate method (for a review on 
non coating (chemical) techniques to render biological 
specimens conductive see Murphy, 1978) is superior to 
the Osmi um-Thiocarbohydrazi de-Osmium-
'.Duocarbohydrazide-Qsmi um ( Christofferson, 1988). 
- sputtering with gold (Kobayashi et al., 1976; 
Lametschwandtner et al., 1983; Levesque et al., 1979; 
Miodonski et al., 1976; Morris and Campbell, 1978; 
Rosenbauer, 1980; Sagmeister et al., 1976), with 
gold-palladium (Frasca et al., 1978; Meyer, 1989), or 
platinum-palladium (Ohtani and Fujita, 1980). The 
duration of sputtering depends on the vacuum and 
current applied. This is a reliable, clean, inexpensive, 
and quick method which keeps specimen heating 
minimal if a magnet assisted anode is used (Ohtani 
and Fujita, 1980). 
- evaporation with gold (Hodde et al., 1977; 
Kazimierczak, 1978; Miodonski et al., 1980a; Ohtani, 
1979; 1980), carbon and gold (Hossler, 1982; 
Murakami, 1975a; Olson, 1983; West et al., 1977), 
gold and palladium (Dollinger and Armstrong, 1974; 
Gattone et al., 1983a; 1983b; Iwaku and Ozawa, 1979; 
Motti and Niemeyer, 1983), with platinum and 
palladium (Nowell and Lohse, 1974) or with silver and 
gold (Tyler et al., 1973). 
In sputtering as well as in evaporation the 
thickness of the conductive layers can be measured by 
using a swing-quartz. Thicknesses are reported to 
range from 15 - 400 nm with an extreme of 1 µm 
(Christofferson, 1988) in sputtering (Nerem et al., 
1981; Rosenbauer, 1980; Tatematsu et al., 1978, 
Christofferson, 1988,) to 13 - 60 nm in evaporation 
(Hiramatsu, 1982; Kanzaki et al., 1982; Kohler, 1984; 
Murakami et al., 1984; Ohkuma and Ryan, 1982a). 
Great care has to be paid not to cover fine details 
of the cast surface by thick conductive layers. Gold 
layers sputtered onto casts anyways reveal grain sizes 
far below the resolution power of the SEM run at low 
accelerating voltage. Studies using low voltage-high 
resolution scanning electron microscopy (LV-HRSEM) 
in vascular corrosion cast examination are still few 
(Meyer, 1989). Since the replication quality of the 
casting media available does not surpass 250 - 300nm 
(Christofferson, 1988; Weiger et al., 1986) and the use 
of the LV-HRSEM is rare coating corrosion casts with 
a 1-2 nm thick chromium-film by high energy 
sputtering (Peters, 1986) is not necessary. 
Practical experience shows that in most cases 
sputtering is enough. Only in specimens with 
intensive vascularization (for example mammalian 
myocardium) evaporation will be necessary before 
sputtering. 
Examination of coated vascular corrosion casts in the 
scanning electron microscope 
The size of the specimen chamber and potential 
charging are the limiting parameters for examination 
of the specimens in the scanning electron microscope. 
The specific way the image is formed, the superb 
manipulating-possibilities the specimen stage offers 
(tilting 0° - 90°, full rotation, x-, y-, and z-directed 
movements), and the use of specific specimen holders 
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Fig. 14. Schematic presentation of taking two 
micrographs in the SEM. In theory it is immaterial if 
instead of shifting the specimen the electron beam is 
thought to be shifted (positions A and B). al, a2, a3 
represent a view of the area between object 2 and 4 
given from position A. bl, b2, b3 represent a view of 
the same area from position B. Since this area 
represents the overlapping r egion of the two 
consecutive micrographs (bracket) in cases where the 
montage is done right through the middle of structure 
3 this structure can be seen from both sides at the 
same moment. 1 to 5 represent structures (for 
example vascular corrosion casts). I : area visible from 
position B not from A; II: area visible from position 
A not from B; III: area visible from A not from B. 
which either enable to rotate the cast also around a 
horizontal axis (Kikuta and Murakami, 1989) or allow 
to position the specimen identica11y in consecutive 
SEM sessions (Aldrian et al., 1989) make the scanning 
electron microscopy of vascular corrosion casts a very 
useful tool in studying specific vascular patterns also 
in the sma11est areas. In spite of coating caution has 
to be paid to run the scanning electron microscope 
with an adequate accelerating voltage. So far voltages 
are reported from 1 kV (Bergland and Page, 1979; 
Simonsberger et al., 1977) to 25 kV (lrino et al., 1975; 
Kazimierczak, 1978; Miodonski et al. , 1980a; 
Rosenbauer, 1980; Suzuki, 1982). Since - with some 
special exceptions - only magnifications up to 2000 
times are useful in vascular corrosion casts it is 
recommended to use low (5 - 10 kV) accelerating 
voltages. Thus charging and thermal damages are 
minimized and deformation of the cast vessels is not 
likely, even at the level of delicate capillaries. These 
damages happen at higher accelerating voltages that 
anyhow cannot give further details of the cast surface 
than the lower ones do because of the replication 
quality of the casting media used presently. 
Taking micrographs 
In the scanning electron microscope taking 
micrographs is easy. But care has to be taken not to 
remove parts of the casts before they are well 
documented . Often it is necessary to make 
photomontages to be able to demonstrate vascular 
routes and relations between distant regions or just to 
give a total view of an organ (Figs. 1 and 12). 
Because of the specific manner, by which consecutive 
micrographs are taken in the scanning electron 
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microscope, no exact fitting detail-micrographs are 
obtained (Fig. 14). But they can be mounted without 
disturbing borderlines (Simonsberger et al., 1977) 
(Figs. 1 and 12). 
The scanning electron microscope also offers the 
opportunity to take stereomicrographs. Their spatial 
impression is very convincing and it is even possible 
to do measurements with them. 
Storage of the vascular corrosion casts 
Casts can be stored either under wet or dry 
conditions. After final cleaning is done it is 
recommended to store casts only a few days in 
disti11ed water. Sodium azide (1%), some drops of 
concentrated hydrochloric acid, formalin (37%) or 
antibiotics should be added to prevent growth of 
bacteria and fungi in the storage liquid. It is 
recommended to process the casts dry after thawing 
within a week's time. Otherwise changes of the cast 
surface may occur (Fig. 15). In general vascular 
corrosion casts should be stored dry, mounted, and 
preliminary coated. A clean, dry, and dust-protected 
(air tight) storage box or an evacuated desiccator are 
very useful, because contamination of the casts by 
dust, fungi, or bacteria is omitted. When sputtered 
(coated) casts have been stored for a long time a new 
sputtering is necessary before examination, because 
the conductive coat becomes cracked when aged. 
Surface of casts. Cast surfaces reveal a11 1 uminal 
structures of blood vessels in great detail (Figs. 5, 6, 
7, 8). Irregular or corroded surfaces do not show any 
luminal details (Fig. 15). 
Applications of scanning electron microscopy of 
vascular corrosion casts 
The applications of this technique result from the 
advantages it offers (Gannon, 1978; Hodde and 
Nowe11, 1980a; 1980b; Lametschwandtner and 
Lametschwandtner-Albrecht, 1983; Miodonski et al., 
1981; Murakami, 1971; 1978; Murakami et al., 1983; 
Ohtani, 1981a; Ohtani et al., 1983a; 
Lametschwandtner et al., 1989b). These are: 
- a quasi 3-dimensional image of the vascular bed is 
possible by the high depth of focus of the scanning 
electron microscope (Figs. 1, 12, 16, and 17). 
- also large specimens can be examined (Figs. 1 and 
12). 
- in the specimen chamber an exce11ent manipulation 
is possible (tilting, rotating, shifting). 
- cast arteries and veins can be characterized by their 
endothelial imprints . Arteries reveal ovoid endothelial 
nuclear imprints orientated para11el to the long axis 
of the vessel; veins have sha11ower, roundish 
endothelial nuclear imprints with no particular 
orientation (Christofferson, 1988; Castenholz, 1989a). 
These "arterial" (Fig. 5) and "venous" (Fig. 7) imprint 
pattern are obviously given throughout the vertebrate 
series. By measuring large diameter (D) and sma11 
diameter (d) of nuclear imprint patterns the mean 
ratio D/d (Nerem et al., 1981; Levesque et al., 1979) 
also clearly differentiates arterial (D/d > 2.9) and 
venous vessels (D/d <2), whereby different sized 
arterial vessels were found to have different Did-
ratios (Christofferson, 1988; rat uterine vessels). 
SEM of vascular corrosion casts 
Fig. 15. Vascular corrosion cast after storage for six 
weeks in di stilled water with some formalin (0.1 %) 
added to prevent growth of fungi and bacteria. Note 
the total absence of luminal surface details. Mercox 
CL-2B. Bar = 5 µm. 
Fig. 17. Vascular corrosion cast of a taste bud in the 
toad palatal mucosa. Methyl methacrylate. Bar = 20 
µm. 
-true capillaries (Fig. 18) (diameter <8 µm) were 
shown to have Did-ratios changing from the arterial 
side (arterial nuclear imprint patterns) to the venous 
side (venous nuclear imprint patterns) (Christofferson, 
1988). The morphology and quality• of endothelial 
imprint patterns, however, greatly depend on 
precasting and casting conditions as well as on the 
casting media used (Christofferson, 1988; 
Lametschwandtner et al. , 1984b; Weiger et al., 1982). 
- sinusoids (Fig. 19) can be discerned easily. 
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Fig. 16. Capillary bed of the toad palatal mucosa. 
Vascular corrosion cast . Note the intensive 
vascularization of the taste buds (arrows). Methyl 
methacrylate. Bar = 100 µm . 
Fig. 18. Vascular corrosion cast of the capillary bed 
of the canine myocardium. Note the H-like 
anastomosis (arrow). Mercox CL-2B. Bar = 10 µm. 
- localization and identification of vascular structures 
like circular constrictions (Figs. 5 and 20) (Motti et 
al.,1987), sphincters (Figs. 20 and 21) (Nakai et al., 
1989; Aharinejad et al., 1990a), venous valves (Hossler 
and West, 1988), cushions (Hodde, 1981b). 
- localization and identification of imprinted vessel 
wall structures (myocytes) and of pericapillary 
structures (pericytes, collagen fibers; Castenholz, 
1989a; Lametschwandtner and Staindl, 1990) and of 
other differentiations are possible (Fig. 22). 
In our specific field - the central nervous system 
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of lower vertebrates with special attention to the 
vascular relations between hypothalamus and 
hypophysis - we want to stress the following facilities 
the technique offers: 
- a good spatial impression of the vascular 
architecture (angioarchitecture) of each cerebral region 
down to the capillary level (Fig. 23), 
- vascular routes between areas belonging together 
functionally but lying far apart can be traced without 
error, 
- individual vessels can be studied in respect to their 
origin (Fig. 20), course (Fig. 24) and branching 
(number of branches, branching angles, direction) 
(Figs. 25 and 26). 
The scanning electron microscopic images in 
combination with other methods are much more 
informative than reconstructions from serial sections 
and they also enable us to study large areas at one 
view (Duvernoy et al., 1981; 1983; Lametschwandtner, 
1982). 
Objects of injection 
A number of species were studied by the 
technique under consideration. But still many authors 
do not pay enough attention to a clear and precise 
definition of the animal, whose circulatory system is 
the object of the casting experiment. In most studies 
very little is said about housing conditions, 
physiological status, strain, or other parameters 
characterizing individual animals. Only age, body 
weight (with no comments if untreated or 
anesthetized), and sex are stated. 
Depending on the specific object of investigation 
tissues and organs of interest are either cast in situ 
or after excission isolated (Gannon, 1979a; 1979b; 
Gavin et al., 1983; Grunt et al., 1982; Habashi et al., 
1983; Hadziselimovic, 1978; Hundeiker, 1972; Kanzaki 
et al., 1982; Kus et al., 1981; Lenz, 1971; Meiselman 
and Cokelet, 1975; Olszewski, 1976a; 1976b; 
Rosenbauer, 1980; Sobin, 1966; Staindl and 
Lametschwandtner, 1981). The latter especially is 
done in surgical material. 
Fig. 19. Sinusoids of the hagfish (Eptatretus stoutii) 
neurohypophysis with entering capillary. Vascular 
corrosion cast. Note the imprints of endothelial cell 
nuclei. Mercox CL-2B. Bar = 20 µm. 
Fig. 20. Branching site of the ventral internal carotid 
artery (vica) of the hagfish (Eptatretus stoutii) brain. 
Note the constriction at the origin of the 
prehypophysial artery (pha) and the constriction of the 
vica (arrow) distal to the arising pha. Vascular 
corrosion cast. Mercox CL-2B. Bar = 20 µm . 
Fig. 21. Vascular corrosion cast of the hypophysial 
artery in Eptatretus stoutii (Cyclostomes) with branch. 
Note prominent endothelial cell nuclei impressions. 
Mercox CL-2B. Bar = 10 µm. 
904 
SEM of vascular corrosion casts 
905 
Fig. 22. Vascular corrosion cast of a hypophysial 
arteriole (A) in Eptatretus stoutii (Cyclostomes) with 
arising capillary (C). Note the spiral arrangement of 
imprints on the cast capillary. S sinusoids. Mercox 
CL-2B. Bar = 20 µm. 
Fig. 23. Vascular corrosion cast of the choroid plexus 
of the third ventricle in Bufo bufo L. (Amphibia, 
Anura). Note the sinusoid vessels (S) and the abrupt 
caliber changes from capillaries into sinusoids 
(arrows) . Methyl methacrylate. Bar = 50 µm. 
Fig. 24. Auditory artery of the toad (Bufo bufo L.; 
Amphibia, Anura). Vascular corrosion cast. Note the 
coiled course of this vessel. Methyl methacrylate. Bar 
= 100 µm. 
Fig. 25. Vascular corrosion cast of the capillary bed 
of the choroid plexus of the fourth ventricle in 
Acipenser ruthenus (Acipenseridae, Chondrostei). Note 
the dichotomous branching pattern of the vessels thus 
forming 2-dimensional flat vascular networks. Mercox 
CL-2B. Bar = 50 µm. 
Fig. 26. The same as in Fig. 25, but branching 
pattern leading to 3-dimensional vascular networks. 
Note the branching patterns (arrows). Mercox CL-2B. 
Bar= 25 µm 
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Tissues and organs in situ. In most cases casting 
of the blood vascular system is done while tissues and 
organs are in situ (see tables 1 and 2). Up to now 
many tissues and organs have been studied by 
scanning electron microscopy of vascular corrosion 
casts. Table 1 gives a list of these studies. 
Isolated tissues and organs. To fill the vascular 
system in isolated tissues and organs (liver: 
Yamamoto et al., 1984a; placenta: Leiser et al., 1985; 
Kaufmann et al., 1985; skin: Grunt, 1981; Grunt et 
al., 1982; spleen: Schmidt et al., 1985) it is important 
to rinse the system free of blood before removal. If it 
cannot be done, rinsing should follow immediately 
afterwards. It has to be kept in mind that in the first 
case the vascular system is free of content over a 
distinct time. Since the blood vessels might change 
their dimensions as well as their luminal fine 
structures and it is unknown to what extent the 
in-vivo dimensions can be restored by the consecutive 
injection of the casting medium, it is recommended to 
prefix the vessels in this case. 
While the first studies done with scanning 
electron microscopy of vascular corrosion casts dealt 
mainly with normal objects, now the technique is also 
applied to study altered tissues and organs. A series 
of papers was published on neovascularization 
(Murakami, 1975a) caused either by experimental 
induction or by tumorous or cancerous processes. 
Table 2 introduces some relevant papers. 
Developing structures. In fetal and larval tissues 
and organs the technique of scanning electron 
microscopy of vascular corrosion casts is applied 
gradually. So far results on the the vascular system of 
the chick embryo (Brigham and Rosenquist, 1982; 
Dollinger and Armstrong, 1974; Ditrich and Splechtna, 
1989a; Bockman et al., 1989), of the chorioallantoic 
capillary plexus of the incubated chicken egg (Burton 
and Palmer, 1989), the respiratory and cardiovascular 
system (Clark et al., 1979), the rat periodontal space 
during amelogenesis (Iwaku and Ozawa, 1979), the 
renal cortex and the kidney (Kazimierczak, 1978; 
1980; Naito, 1984; Ditrich and Splechtna, 1989a), the 
human term placenta (Habashi et al., 1983; Leiser 
and Kohler, 1984), the umbilical cord (Verma and 
Harneja, 1980), the equine distal radius and 
metacarpus (Firth and Poulos, 1982), the tadpole brain 
(Xenopus; Heinz, 1981), the fetal liver (Hasselager and 
Leiser, 1988), the capillary tufts (Naito, 1984), the ear 
(Morris and Bevan, 1984, 1986), the gill (Mclndoe and 
Smith, 1984a; 1984b), the hypohysis (Murakami et al., 
1985b) and the lung (Dilly, 1984) are published. In 
these cases the appearance of the vascular casts 
depends on the grade of vasculogenesis of the object. 
The cast appears different from that received from a 
fully developed vascular bed. Therefore there are still 
discussions whether the results show real structures 
present in the cast vascular system or only artefacts, 
caused by the casting technique. 
During development tremendous vasculogenesis 
(angiogenesis) occurs and the vascular structures are 
weak, giving an easy way to leakage of the casting 
media. Nevertheless sucessfull castings are received 
without any fixation (Burton and Palmer, 1989). 
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Experimental induction of vascular changes and 
its evaluation by SEM of vascular corrosion casts. 
From the data given above it becomes obvious 
that - with a few exceptions only - the replication of 
the vascular bed of tissues and organs in normal and 
pathological conditions by SEM of corrosion casts has 
proved as a faithful, reproducible method. Therefore 
an increasing number of studies uses this technique to 
demonstrate changes of the vasculature of tissues and 
organs under various experimental conditions. Table 3 
lists some of these experimental conditions. 
The increasing number of studies done with the 
scanning electron microscope on vascular corrosion 
casts has led to the publication of several review 
articles (Duvernoy et al., 1981; Hodde and Nowell, 
1980a; 1980b; Karaganov et al., 1982; 
Lametschwandtner and Lametschwandtner-Albrecht, 
1983; Lametschwandtner et al., 1984b; Levesque et 
al., 1979; McFarland et al., 1979; Miodonski et al., 
1981; Ohtani, 1981a; 1981b; Ohtani et al., 1982; 
1983a; Page, 1982; Vogel, 1981; Weiger, 1981) and 
papers concerned mainly with methodical details of 
the technique of scanning electron microscopy of 
vascular corrosion casts (Altmann, 1879; Batson, 1939; 
1955; Brigham and Rosenquist, 1982; Bugge, 1963; 
Casellas et al., 1981; Castenholz, 1986b, 1987b; 1989a; 
1990; Cavanagh et al., 1977; Christofferson, 1988; 
Christofferson and Nilsson, 1988a; 1989; 1990; Cole, 
1921; Cornhill et al., 1980; Crankshaw, 1984; Duveau 
et al., 1979; Erencin et al., 1969; Frasca et al., 1978; 
Fujii et al., 1981; Gamble, 1939; Gannon, 1976; 1978; 
1979b; 1981a; George, 1981; Gerszberg et al., 1985; 
Hanstede and Gerrits, 1982; Heinze, 1968; Hida, 1982; 
Hodde et al., 1977; 1990; Hodde and Nowell, 1980a; 
1980b; Hyrtl, 1873; Irino et al., 1975; Irmscher and 
Matthias, 1970; Kaman, 1964; Kandil and Symington, 
1979; Kaplan, 1953; Kessel and Kardon, 1979; Kratky 
et al., 1989; Kus, 1969; Lametschwandtner, 1976; 
Lametschwandtner et al., 1980a; Lenz, 1971; Levesque 
et al., 1979; Matthias, 1965; Meinertz, 1969a; 
Meiselman and Cokelet, 1975; Mikami et al., 1969; 
Miodonski et al., 1976; 1981; Murakami, 1971; 1975a; 
1975b; 1975c; 1976a; 1978; Murakami et al., 1971; 
1973a; Murphy, 1978; Narat et al., 1935; Nerantzis et 
al., 1978; Nerem et al., 1981a; Nopanitaya et al., 
1979; Northover et al., 1980; Nowell and Lohse, 1974; 
Nowell and Tyler, 1974; Ohtani, 1981a, 1981b; Olson, 
1980; Pfefferkorn and Boyde, 1974; Piasecki, 1974; 
Reidy and Levesque, 1977; Reidy and Schwartz, 1980; 
Rosenbauer, 1980; Rosenbauer and Kegel, 1978; 
Rosenbauer et al., 1980; Rostgaard and Buchmann, 
1974; Schaffner, 1982; Schluter, 1962; Schraufnagel, 
1989a; 1989b; Schraufnagel and Schmid, 1988b, 1988c; 
Schummer, 1935; 1951; Shimada, 1981; Simonsberger 
et al., 1977; Sobin, 1966; Spirina et al., 1980; Stein, 
1899; Stieber, 1981; Taniguchi et al., 1952; 1955; 
Tompsett, 1959; 1970; Tompsett and Wyke, 1969; 
Tyler et al., 1970; Weiger, 1981; Weiger et al., 1982; 
1986b; Weinbaum et al., 1983; Werner, 1953; West 
and Wittington, 1962; Young et al., 1980; Zamir et al., 
1983; Zugibe et al., 1961). 
Quantification of vascular corrosion casts 
Vascular corrosion casts can be quantified by 
means of weighing (Weiger et al., 1986b; Hossler and 
SEM of vascular corrosion casts 
West, 1988) or by measuring vascular structures 
(Gannon, 1981a; Hossler and West, 1988; 
Lametschwandtner et al., 1989a; Anderhuber et al., 
1989; Nelson, 1987; Pohla et al., 1987; Gattone and 
Evan, 1986). Both approaches rely on optimal castings 
otherwise data are of little value. 
By weighing fully replicated casts with a known 
density of the resin (Weiger et al., 1986b) the volume 
of the vascular bed can be calculated by v = w/d 
whereby d = density of the casting medium used, w = 
weight of the cast, v = volume of the vascular bed 
cast. 
Measuring vessel length, diameter, branching 
angles, intervascular distances and interbranching 
distances enables to calculate the rheology within the 
cast vessels. Quantification of variables can be done 
by 1) Planimetry, 2) Point counting methods 3) 
Stereophotogrammetry and 4) Image analysis. 
Planimetry is the simplest method 
(Lametschwandtner et al., 1989a, 1989b). It is best 
done with plane vascular networks. In planimetry 
micrographs or projected negative materials are used. 
A computer equipped with specific software connected 
to a digitizing pad performs the calculations. 
Stereophotogrammetry (Boyde, 1974; Cavanagh et 
al., 1977) needs a) a very precise tilting stage of the 
SEM and b) a specific stereoscope equipped with a 
manual or computerized paralax measuring system. 
Point counting methods use the principles of 
stereology (Weibel , 1979; for a possible application of 
morphometry in corrosion casting studies see J ames, 
1989). They are best done with flat vascular networks 
or with cut cast surfaces. Appropriate stereological 
test grids are either overlaid directly to the TV-screen 
of the SEM or to micrographs. Calculations of 
interesting variables can be made by using 
appropriate stereological formulas (Weibel, 1979). 
Modern image analysis systems can quantify all 
sorts of cast structures. In quantitative microvascular 
corrosion casting the method is practized by few 
groups (Schraufnagel and Schmid, 1988a, 1988b; 
Nelson, 1987; Pohla et al., 1987). Another approach is 
grey level image analysis (Schraufnagel and Schmid, 
1988a, 1988b: Pohla et al. , 1987). Here the SEM-
image is digitized and structures right in focus are 
assigned white those out of focus are assigned black. 
By the ratio of the total area measured to the black 
area an index of the vascular density is received. 
Concluding this review it becomes evident, that it 
can only deal with several aspects of the method of 
scanning electron microscopy of vascular corrosion 
casts. We primarily want to give an annotated 
bibliography, to bring some hints on the technique 
which might be valuable for the beginner in this field 
and to present the state of the art, which might be 
useful also for the expert. 
Outlook 
Future work on scanning electron microscopy of 
vascular corrosion casts should focus on the 
elimination of the disadvantages the technique still 
owns. These are: 
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too little information can be obtained about the 
direction of the blood flow within the cast area, 
no information about actual "open" vessels (vessels 
might be opened artificially by the injection), 
little knowledge concerning the effects (chemically) 
casting media exert on the luminal surface and on the 
vessel wall. 
While in respect to the first point we have 
endothelial cell nuclei imprint patterns characterizing 
arterial and venous terrritories (Christofferson, 1988), 
the second one will depend on the improvement of 
controlling the injection pressure during casting. 
New fields of application of vascular corrosion casting 
are the dectection of antigen uptake sites (Schenkman 
et al ., 1985) and quantitative vascular casting (see 
above). 
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Table 1 
List of regions, tissues, and organs , whose 
vascularization is studied by scanning electron 
microscopy of vascular corrosion casts. 
Subject: 
abdomen: 
Anderson and Anderson, 1978a; Hammer and Santer, 
1981; Karaganov et al., 1982; Karaganov and Mironov, 
1981; Northover et al., 1980; 
adrenals: 
Jing and Du, 1987; Kikuta and Murakami, 1982; 
Kikuta et al., 1984; Nakamura and Masuda, 1981; 
Nasu et al., 1986; Ohtani, 1981a; Ohtani et al., 1983a; 
aorta: 
Legg and Gow, 1982 
bile ducts: 
Cho and Lunderquist, 1983; Gaudio et al., 1988; 
Murakami et al., 1984; Northover et al., 1980; Ohtani, 
1981a; Ohtani et al., 1983a; Osemlak and Siwek, 
A. Lametschwandtner, U . Lametschwandtner, T. Weiger 
1984; Schellens et al., 1988; Siwek and Osemlak, 
1985; Stewart et al., 1988; 
bone/marrow: 
Bagger-Sjoback and Thomander, 1985; Blank and 
Konerding, 1984; Chappard et al., 1982; Didion, 1977; 
Draenert and Draenert, 1980a; 1980b; Draenert, 1983; 
Firth and Poulos, 1982; Grocki and Dermietzel, 1984; 
Irino et al 1975; lwaku and Ozawa, 1983; Jakob et 
al., 1980; Konerding, 1988; Konerding and Blank, 
1985; 1987; Lopez-Curto et al., 1980; Matsune, 1988; 
Ohtani et al, 1982; Tosch et al., 1980; 
brain: 
Adam et al., 1978; Akima et al., 1985; Albrecht, 1980; 
Albrecht et al., 1978a; 1980a; 1980b; Allen et al., 
1982; Anderson and Anderson, 1978b; Baer et al., 
1986; Bergland and Page, 1978; 1979; Blanquez and 
Martin, 1982; Bosman et al., 1982; Castenholz, 1983b; 
Conradi et al., 1979; Conradi and Sourander, 1980; 
Duvernoy, 1983; Duvernoy et al., 1981; 1983; Fang, 
1988; Gillilan, 1967; 1972; 1976; Glenn and Ghidoni, 
1983; Hassler, 1979; Heinz, 1981; Hodde, 1978; 1979a; 
1979b; 1981a; 1981b; 1983; 1986; Hodde et al., 1984; 
Hodde and Veltman, 1979; Kaneko, 1984; Kaplan, 
1953; Kikuta et al., 1984; Klein, 1980; Laengle, 1973; 
Lametschwandtner, 1976; 1982; Lametschwandtner et 
al., 1976; 1978a; 1978b; 1979; 1980b; 1981; 1984a; 
Lametschwandtner and Lametschwandtner-Albrecht, 
1983; McFarland et al., 1979; Minami, 1982; 
Miodonski et al., 1976; 1979; Midtgard, 1984; Motti et 
al., 1986a, 1986b, 1987; Murakami, 1975a; Nakai et 
al., 1980; 1981; 1989; Ohtani, 1981a; Oka et al. , 
1985; Page et al., 1976; Petersen et al., 1971; 
Rask-Andersen, 1979; Shibata et al., 1984; 1988; 
Stroinska-Kus, 1985; Tanuma, 1981; Tokioka, 1973; 
Weiger and Lametschwandtner, 1988a; Weiger et al. , 
1986a; 1988b; Wellens et al., 1976; Yonas et al., 1982; 
Yoshida and Ikuta, 1984; Yoshida et al., 1985 
carotid body: 
Hodde, 1981a; Keller et al., 1972; Kobayashi and 
Murakami, 1972; 1975; Noguchi and Kobayashi, 1977; 
Olson et al., 1981; Schafer et al., 1973; Taguchi, 1986; 
Toews et al., 1982; 
ear: 
Hodde, 1981a; Hodde et al., 1977; Hoshino and 
Ishioka, 1982; Maruhashi, 1984; Matsubara et al. , 
1972; 1979; Meiselman and Cokelet, 1975; Miodonski 
et al., 1978; 1981; 1989; Morris and Bevan, 1983; 
1984; Nakai et al., 1986; Sneary, 1981; Tange, 1986a; 
Tange and Hodde, 1985; 1987; Tange and Wijburg, 
1986; Yamaguchi et al., 1980; 
endothelium: 
Castenholz, 1985a, 1988; Cornhill et al., 1980; Hijiya 
and Okada, 1978; Hodde, 1981a; Hodde et al., 1977; 
Hodde and Nowell, 1980a; 1980b; Kus et al., 1981; 
Levesque et al., 1979; Meiselman and Cokelet, 1975; 
Miodonski et al., 1976; 1980a; 1981; McAuslan et al., 
1980; Mc Garvey et al., 1980; Nerem et al., 1981a; 
1981b; Schmidt et al., 1983a; Van Gelder and Klopper, 
1979; Vogel, 1981; 
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epiphysis: 
Allen et al., 1982; Hodde, 1978; 1979a; 1981a; Hodde 
and Veltman, 1979; Ohtani et al., 1983a; Syed Ali et 
al., 1987; 
esophagus 
Aharinejad et al., 1989; Gannon and Perry, 1989; 
extremities: 
Browning, 1980; Heinze and Kantor, 1972; Kondoh, 
1973; Lohse and Backman, 1980; Mishra and Leach, 
1983a; 1983b; Russel, 1981a; 1981b; Takasugi et al., 
1978; Ugawa and Ikeda, 1985; 
eye: 
Anderson and Anderson, 1977; Araki, 1976a; 1976b; 
1977; Burger et al ., 1982a; 1982b; 1982c; 1983; 1984a; 
1984b; 1985; 1987; De Schaepdrijver et al., 1989a; 
1989b; Fryczkowski, 1987; Fryczkowski and Sherman, 
1988; Fryczkowski et al., 1984; 1985a; 1985b; 1988; 
1989; Goyri O'Neill and Esperanca-Pina, 1989; 
Hamanaka and Ujike, 1980; Hida, 1982; Hossler, 
1982; Hossler and Olson, 1984; Hunold et al., 1978; 
Hunold and Weigelin, 1980; Itotagawa et al., 1977; 
Itotagawa, 1979; Kohler, 1984; Kohler and Leiser, 
1983; Kollmannsberger, 1961; Korte et al., 1986; 
Kuribayashi and Iijima, 1981; Marinozzi et al., 1983; 
Matsuo, 1973; 1974; 1976a, 1976b; 1980; Matsusaka, 
1976; 1980; 1981; Matsusaka and Fujibayashi, 1974; 
Meinertz, 1969b; Miodonski and Baer, 1987a, 1987b; 
Miodonski et al., 1989; Morrison and Van Buskirk, 
1983; 1984a; 1984b; Motti and Niemeyer, 1983; 
Murakami et al., 1979b; Murata et al., 1980; Ohkuma 
and Ryan, 1982a; 1982b; 1983; Ojima and Matsuo, 
1985; Olver and McCartney, 1989a, 1989b; Popovic et 
al., 1982; Risco and Nopanitaya, 1980; Seki, 1987; 
Sherman et al., 1987; Shimizu and Ujiie, 1978; 
Simoens, 1985; Smith et al., 1988; Takahashi et al., 
1988; Tano et al., 1981; Timm, 1979; Ueno, 1976; 
Ujiie, 1976; Ujiie and Bill, 1984; Ujiie and Hanyuda, 
1977; Uyama et al., 1978; Van Buskirk, 1979; 
Vuillemey et al., 1984; Wilson and Green, 1987; 
Woodlief, 1980; Woodlief and Eifrig, 1982; Yoneya et 
al., 1983; Yoneya and Tso, 1987; 1980; Yoshimoto et 
al., 1980a; 1980b; 
genital organs/tract: 
Amselgruber et al., 1989c; Kuhnel and Busch, 1989; 
Ninomiya, 1980; Takayama and Tomoyoshi, 1981; 
gill_ 
Boland and Olson, 1979; Cavanagh et al., 1977; 
Cooke, 1980; Cooke and Campbell, 1980; Farrell, 1980; 
Gannon and Rogers, 1978; Jakubowski, 1982; Laurent 
and Dunel, 1976; Mcindoe and Smith, 1984a; 1984b; 
Metcalfe and Butler, 1986; Olson, 1980; 1981; 1983; 
1984; Olson and Kent, 1980; Olson et al., 1986; 
Papaccio and Pisanti, 1984; Pohla et al., 1977; Rogers, 
1981; Vogel, 1978; 1981; Vogel et al., 1976; Yamaguchi 
et al ., 1979; 
head: 
Hill and McKinney, 1981; Hodde and De Blecourt, 
1979a; 1979b; Hodde et al., 1981; Kooten et al., 1967; 
Lenz, 1971; Rowing, 1981; 
SEM of vascular corrosion casts 
heart: 
Anderson and Anderson, 1980; 1981; Anderson et al., 
1988b; Day, 1957; Duveau et al., 1979; Gavin et al., 
1983; Glenn, 1983; Glenn and Ghidoni, 1983; Gusev, 
1981; Hadziselimovic, 1978; Helle et al., 1983; Hossler 
et al., 1986; Hyde and Buss, 1981; lrino et al., 1982; 
Jiang et al., 1981; Kajihara et al.,1985; Karaganov et 
al., 1982; Kisseler and Leverman, 1969; 
Lametschwandtner and Mohl, 1984; Nawar et al., 
1980; Nerantzis et al., 1978; 1983; Ono et al., 1981; 
1982a; 1982b; 1986; Oushine et al., 1980; Phillips et 
al., 1979; Pin, 1974; Potter and Groom, 1980; 1983; 
Raphael et al., 1980; Secerov, 1981; Shozawa et al., 
1980; 1981; Steinhausen et al., 1978; Tepperman and 
Pearlman, 1958; 1961; Thomson et al., 1982; Tota, 
1983; Tota et al., 1983; Wilson et al., 1981; Zeitz et 
al., 1984; Zugibe et al., 1961; 
hypophysis: 
Adam et al., 1978; Bergland and Page, 1978; 1979; 
Hodde, 1981a; 1981b; Honma et al., 1987; Kikuta et 
al., 1984; Lametschwandtner, 1982; Lametschwandtner 
and Simonsberger, 1975; Lametschwandtner et al., 
1977a; 1977b; 1977c; Murakami, 1973; 1975a; 1975b; 
Murakami et al. , 1983; 1985b; 1987b; Ohtani , 1981a; 
Ohtani et al., 1983a; Page et al., 1976; 1978; 1981; . 
Page and Munger, 1975; 
intestine: 
Bohlen, 1984; Browning and Gannon, 1984; Gannon, 
1979a; 1980; 1981b; Gannon et al., 1980a; 19806; 
1981; 1983b; Gannon and Perry, 1989; Harper and 
Gannon, 1978; Matsusaka, 1981; Metry et al., 1983; 
Murakami et al. , 1983; Murata et al ., 1982; Neff et 
al. , 1983; Nopanitaya et al ., 1979; Nopanitaya and 
Flores, 1979b; Nowell and Lohse, 1974; Nowell and 
Tyler, 1974; Ohashi et al., 1976; Ohtani, 1981a; 1987; 
Ohtani et al., 1983a ; Ohtani and Ohtsuka, 1985; 
Oka, 1970; Shikata et al., 1983; Yamaguchi and 
Schoefl, 1983; 
kidney: 
Ajmani and Ajmani, 1983; Albrecht et al., 1978b; 
Anderson and Anderson, 1976; Anderson et al., 1988a; 
Bielke et al., 1976; Brown, 1985; Casellas and 
Mimran, 1979; 1981; Casellas et al., 1981; Chevrel et 
al., 1982; Ditrich, 1984; 1985a; 19856; Ditrich and 
Splechtna, 1985; 1986; 1987a, 19876; 1987c; 1989a; 
1989b; Gattone and Sale, 1986; Gattone and Evan, 
1986; Gattone et al., 1983a; 1983b; 1984; Hah and 
Yoon, 1982; Hodde, 1981a; Kazimierczak, 1978; 1980; 
Kikuta and Murakami, 1988; 1989; Kikuta, 1988; 
Lametschwandtner et al., 1978c; 1981; Lee, 1972; 
1974; Logan et al. , 1980; Longia et al., 1982; 
Matthias, 1965; Morris and Campbell, 1978; Motwani 
and Harneja, 1982; Murakami, 1976a; 1976b; 
Murakami et al., 1971; 1973a; 1979a; 1985a; Naito, 
1984; Nelson et al., 1984; Nopanitaya, 1980; Nowell et 
al., 1972b; Ohtani and Naito, 1980; Ohtsuka et al., 
1982; Okano et al., 1959; Powalij et al., 1980; 
Rosenbauer, 1980; Rosenbauer et al., 1980; Russell et 
al., 1981 ; Shah-Yukick and Nelson, 1988; 
Simonsberger et al., 1977; Sleight et al., 1980; 
Spinelli, 1974; Tyler et al., 1973; Unehira, 1981; 
Vardy and Bryden, 1981; Wilson, 1986; Wilson and 
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Heptinstall, 1984; Yamamoto et al., 1984a; 19846; 
Zhen et al., 1986; 
~ 
Kus et al ., 1981; Miodonski et al., 1980a; 1981; 
Olszewski, 1976a; 19766; 
liver: 
Bernatzky and Lametschwandtner, 1979; Gupta and 
Gupta, 1976; 1979; Gupta et al., 1977; 1979b; 1981a; 
1981b; 1982a; 1982b; Hales et al., 1959; Hanstede and 
Gerrits, 1982; Horiguchi et al., 1982; Julian and De 
Orne, 1949; Kardon and Kessel, 1980; Kendall, 1980; 
Kumon et al., 1985; Lozano and Andrews, 1966; 
Malick and Toth, 1977; Motta, 1982; Murakami, 1971; 
Murakami et al., 1974; 1983; 1984; Nopanitaya et al., 
1978; Ohtani, 1979; 1981a; 1981b; 1988a; 1989; Ohtani 
et al., 1983a; Ohtani and Murakami, 1978; Rappaport 
et al., 1983; Reimann et al., 1983; Reynolds and 
Kardon, 1981; Ryzova et al., 1988; Sawa et al., 1988; 
Schafer et al., 1975; Schmidt et al., 1980; Yamamoto 
et al., 1983; 1984c; Yamamoto and Phillips, 1986; 
Yogiat, 1982; 
lung: 
Andersen and Jespersen, 1980; Brackenbury and 
Akester, 1978; Burger and Estavillo, 1976; Caduff et 
al., 1986; Charan et al., 1984; Colombo et al., 1976; 
Davies, 1973; Deffebach et al ., 1987; Dilly, 1984; 1986; 
Duncker, 1974; Frasca et al., 1978; Fujii et al. , 1979; 
Gannon et al., 1983a; Gil, 1980; Guntheroth et al., 
1982; Hijiya and Okada, 1978; Hojo, 1974; 1976; 1980; 
Kendall, 1980; Kendall and Eisman, 1980; Koike et 
al., 1986; Meinertz, 1969a; 1969b; Morrison, 1980; 
Nelson, 1987; Nowell and Lohse, 1974; Nowell et al., 
1970; 1972a; 1972b; Ohtani, 1980; Rahn and Roos, 
1957; Roberts et al., 1983; Sadigursky and Andrade, 
1982; Schlesinger and McFadden, 1981; Schraufnagel 
et al., 1986; Schraufnagel, 1987, 1989a; 1989b; 
Schraufnagel and Schmid, 1988a, 1988b; 1988c; 
Schraufnagel and Patel, 1990; Schreider and Raabe, 
1981; Smith, 1976; Smith and Campbell, 1976; Smith 
and Rapson, 1977; Tyler et al. , 1970; 1973; West et 
al., 1977; 
lymphatics: 
Azzali and Orlandini, 1988; Azzali et al., 1988; 
Bhagavan et al., 1979; Castenholz, 1983c, 1983d; 
1984a; 1984b, 1984c; 1985a; 1985b, 1985c, 1985d; 
1985e; 1986a; 19866; 1987a; 19876; 1988; 1989a; 
19896; 1989c; 1990; Castenholz and Florez-Cossio, 
1987; Esperanca-Pina, 1989; Gnepp and Green, 1979; 
Heath and Brandon, 1983; Karaganov et al. , 1982; 
Kardon and Kessel, 1981a; 1981b; Kleinau et al., 
1967; Kordzaya, 1989a; 1989b; Kurokawa and Ogata, 
1980; Ohtani, 1987; Ohtani and Murakami, 1987b; 
Ohtani and Ohtsuka, 1985; Owen, 1983; Rowing, 1981; 
Steeber et al., 1987; Usui, 1985; Vogel, 1981; 1985; 
Vogel and Claviez, 1981; Wenzl-Hora et al., 1987; 
Yamaguchi and Schofl, 1983; Yamamoto and Phillips, 
1986; 
mammary gland: 
Fujiwara and Uehara, 1984; Schenkman et al., 1985; 
Tedman and Bryden, 1981; Yasugi et al., 1989; 
A. Lametschwandtner, U. Lametschwandtner, T. Weiger 
nerves: 
Bagger-Sjoback and Thomander, 1985; Brooks et al., 
1989; Hiramatsu, 1982; Konerding et al., 1988; 
Lundborg, 1975; Mackenzie and Allt, 1989; 
nose: 
Bugge, 1968; Grevers and Herrmann, 1987; Grevers 
and Heinzmann, 1988a; 1988b, 1989; Grevers et al., 
1989a; 1989b; Hodde, 1981a; Hodde and De Blecourt, 
1979b; Nagai et al., 1983; Tange, 1986b; Westlin et 
al., 1982; 
oral tissue/ tongue/ tooth/ palate: 
Aharinejad et al., 1990b;1990d; Bugge, 1968; 
Castenholz, 1983c; 1984a; 1985d; 1987a; 1989b; 
Densho, 1982; Getzinger et al., 1976; Hanai, 1980; 
Hodde et al., 1983; Ichikawa et al., 1977; lwaku and 
Ozawa, 1979; Jasinski and Miodonski, 1979a; 1979b; 
1981; Kishi and Takahashi, 1977; 1978; Kishi et al., 
1976; 1988; Kobayashi, 1983; Lee and Sims, 1989; 
Nakamura, 1985; 1988; Nakamura et al., 1983; 1986a; 
1986b; Nopanitaya and Flores, 1979a; Sagmeister et 
al., 1976; 1978; Sekigawa, 1983; Skobe, 1980; Wang 
and Chen, 1988; Yoshida et al., 1988; 
ovary: 
Bendz et al., 1982; Ikuta et al., 1988; Kanzaki, 1981; · 
Kanzaki et al., 1981; 1982; Kardon and Kessel, 1979; 
Kikuta et al., 1984; Konig et al., 1988; Murakami et 
al., 1988; Okamura, 1989; Spanel-Borowski et al., 
1987; Van Reempts et al ., 1983; 
oviduct: 
Verco et al., 1983a; 1983b; 1983c; 1984; 
pampiniform plexus: 
Murakami et al. 1983; Ohtsuka, 1986; 
pancreas: 
Aharinejad et al., 1990a; Bonner-Weir and Orci, 1982; 
Fujita and Murakami, 1973; Fujita et al., 1976; 
Kardon and Kessel, 1980; Kikuta et al., 1984; 
Murakami et al., 1983; Ohtani, 1981a; 1981b; 1983; 
Ohtani and Fujita, 1980; 1981; Ohtani et al., 1983a; 
Syed Ali, 1981; 1982; 1984a; 1984b; 1985a; 1985b; 
1989; Syed Ali and Weber, 1983; 
parathyroid gland: 
Kikuta et al., 1984; Murakami et al., 1987a; 
penis: 
Banya et al., 1989; Hanyu et al., 1988; Kano et al., 
1987a, 1987b; Ninomiya and Nakamura, 1981a; 1981b; 
Wagner et al., 1982; 
pericytes/myocytes: 
Arts and Lohman, 1974; Castenholz, 1980; 1983a; 
1983b; 1989a; Castenholz et al., 1982; Christofferson, 
1988; Gaudio et al., 1985; Lee and Dempsey, 1976; 
Leiser, 1982; Leiser and Kohler, 1983; Rosenbauer et 
al.,1980; Rosenbauer and Kegel, 1978 
placenta: 
Arts and Lohman, 1974; Christofferson and Nilsson, 
1988b, 1989; Dantzer et al., 1988; Dantzer and Leiser, 
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1988; Habashi et al., 1983; Kaufmann et al., 1985; 
Lee and Yeh, 1986; Leiser, 1982; Leiser and Dantzer, 
1988; Leiser et al., 1985; 1989; Leiser and Kohler, 
1983; 1984; MacDonald, 1981; Orgnero de Gaisan and 
Aoki, 1985 
rectal gland: 
Kent and Olson, 1982 
salivary gland: 
Fraser and Smaje, 1977; Kandil and Symington, 1979; 
Nowell and Lohse, 1974; Nowell and Tyler, 1974; Ohta 
et al ., 1973; Ohtani, 1981a; Ohtani et al., 1983a; 
1983b; 
salt gland: 
Hossler and Olson, 1983; 
skeletal muscle: 
Friedrich et al., 1988; Gaudio et al., 1985; 1986; 1989; 
Groom et al., 1982; Lametschwandtner et al., 1981; 
Marinozzi et al., 1983; Mosse, 1980; Pannarale et al. 
1988; Potter and Groom, 1980; 1983; Schraufnagel et 
al., 1983; Stockmann, 1989; 
skin: 
Daum et al., 1987; Fujibayashi and Matsusaka, 1974; 
Gammert et al., 1978; Grunt, 1981; Grunt et al., 1982; 
1984; Hundeiker, 1972; 1973; Hundeiker and Brehm, 
1971; Imayama, 1981; Jakubowski, 1982; 1989; 
Jasinski and Miodonski, 1978; Lametschwandtner et 
al., 1986; 1989b; Lametschwandtner and Staindl , 1990; 
Miodonski and Jasinski, 1979; Naruse, 1980; Staindl 
and Lametschwandtner, 1981; Umeda and Ikeda, 
1988; 
spinal cord: 
Nak et al., 1987; 
spleen: 
Abe et al., 1986; Franklin, 1927; Fujita and 
Kashimura, 1983; Gupta et al., 1978a; 1978b; 1978c; 
1979a; 1979c; 1981a; 1982c; lrino et al., 1975; 1977; 
Kashimura, 1985; Kashimura and Fujita, 1987; 
Katritsis et al., 1982; Murakami et al., 1973b; 1983; 
Nunes and Esperanca-Pina, 1988; Ohta, 1957; Ohta et 
al., 1958; Schluter, 1962; Schmidt et al., 1982; 1983a; 
1983b; 1983c; 1983d; 1985; 1988a; 1988b; Yamamoto 
et al., 1982 
stomach: 
Bohlen, 1984; Browning et al., 1983; Esperanc:a-Pina, 
1988; Gannon et al., 1982; 1984; Gannon and Perry, 
1989; Kobayashi et al., 1976; Konerding et al., 1987a; 
Nopanitaya et al., 1979; Ohtani, 1988b; Ohtanii. et al., 
1983a ; Ohtsuka and Ohtani, 1984; Raschke et al., 
1987; 
testis (incl. epidydimis, spermatic cord): 
Amselgruber and Sinowatz, 1990; Ebada et al., 1988; 
Hees et al., 1984; 1987; 1989; Kikuta et al." 1984; 
Kormano and Reijonen, 1976; Lahnsteiner et al., 1988; 
Lametschwandtner et al., 1981; Murakami et al., 
1989b; Ohtsuka, 1986; Ohtani, 1981a; Ohtami and 
SEM of vascular corrosion casts 
Gannon, 1982; Pais and Esperanca-Pina, 1988; 
Rerkamnuaychoke et al., 1989; Stoffel et al., 1990; 
Suzuki, 1982; Suzuki and Nagano, 1986; Takayama 
and Tomoyoshi, 1981; Weerasooriya and Yamamoto, 
1985; 
thymus: 
Irmscher and Matthias, 1970; Irmscher et al., 1968; 
Takasugi, 1980; 
thyroid: 
Fujita and Imada, 1989; Fujita and Murakami, 1974; 
Imada et al., 1986; Kikuta et al., 1984; Klak et al., 
1983; Kobayashi et al., 1976; Meserve and Klak, 1984; 
Mikami and Miyasaka, 1983; Murakami et al., 1989a; 
Ohtani et al., 1983a; Raj and Meserve, 1982; 
trachea: 
Hill et al., 1988; Lametschwandtner et al., 1983b; 
Laitinen et al., 1989; Miodonski et al., 1980b; 
Watanabe, 1986; 
ureter/urinary bladder: 
Aharinejad et al., 1990c; Bhagavan et al., 1979; 
Tatematsu et al., 1978; 1984 
uterus: 
Christofferson, 1988; Christofferson and Nilsson, 
1988a; 1988b; Farrer-Brown et al., 1970; Kardon et 
al., 1982; Lindenbaum et al., 1978; MacDonald, 1976; 
Rogers and Gannon, 1981; 1983; Rogers et al., 1982a; 
1982b; 1983a; 1983b; Spanel-Borowski et al., 1987; 
Takemori et al., 1982; 1985; Verco et al., 1982; 
1983a; 1983b; 1983c; 
vas deferens: 
Ohtani and Gannon, 1982; 
vessels: 
Brook, 1979; Casellas et al., 1981; 1982; Castenholz, 
1983b; 1987a; 1988; 1989a; Clendenin and Conrad, 
1979; Ditrich and Splechtna, 1987d; Draenert, 1983; 
Esperanca-Pina et al., 1977; Heidger et al., 1980; Holt 
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List of papers dealing with scanning electron 




Gaudio et al., 1982; Grunt, 1981; 1985; Grunt and 
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Lametschwandtner, 1985; Grunt et al., 1984; 1985a; 
1986a; 1986b; 
angiocarcinoma: 
Hossler and Olson, 1983; 
arteriosclerosis: 
Kratky and Roach, 1983; 1984; 1987; 1988; Kratky et 
al., 1989; Zeindler et al., 1989; Zugibe et al., 1961; 
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Gaudio et al., 1988; 
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Bugajski et al., 1989; Egawa and Ogata, 1979; Egawa 
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1986a; 1986b; Konerding and Steinberg, 1987; 1988; 
Konerding et al., 1989; Kus et al., 1981; Miodonski et 
al., 1980a; 1981; Olszewski, 1976a; 1976b; Orita et al., 
1988a; 1988b; Shah-Yukich and Nelson, 1988; Staindl 
and Lametschwandtner, 1981; Tatematsu et al., 1977; 
1978; 1984; Walmsley et al., 1987; Yoshida, 1983; 
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Horiguchi et al., 1982; Yamamoto et al., 1984c; 
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Burger et al., 1982a; 1982b; 1982c; 1983; 1985; El 
Hifnawi, 1987a, 1987b; Gole et al., 1982; Koch et al., 
1987; Lorenz et al., 1981; Ohkuma and Ryan, 1982a; 
1982b; 1983; Shiraki et al., 1980; 1982; Tano et al., 




Shozawa et al., 1980; 1981; Tepperman and Pearlman, 
1961; 
intestine: 
Shikata et al., 1983; 
kidney: 
Gattone et al., 1983b; 
liver: 
Hales et al., 1959; Malick and Toth, 1977: Yogiat, 
1982; 
lung: 
Colombo et al., 1976; Sadigursky and Andrade, 1982; 




Ehrlich et al., 1981; Lametschwandtner and Staindl, 
1990; 
tendon: 
Lohse and Backman, 1980; 
thyroid: 
A. Lametschwandtner, U. Lametschwandtner, T. Weiger 
healing process 
Raj and Meserve, 1982; 
urinary bladder: 
Bhagavan et al., 1979 Cohen et al., 1980; Tatematsu 




Van Gelder and Klopper, 1979; Wellens et al., 1976; 
Wilson and Heptinstall, 1984 
Table 3 
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Wilson and Heptinstall, 1984; 
antigen uptake: 
Schenkman et al., 1985 
autografted skin: 
Uchida, 1983 
basal cell tumor: 
Grunt et al., 1984 
bladder carcinoma: 
Tatematsu et al., 1984 
carcinoma of the tongue: 
Sekigawa, 1983 
cerebral infarct: 
Shibata et al. 1984; 1988; 
ciclonicate application: 
Marinozzi et al. 1983 
colon anastomosis: 
Shikata and Takuo, 1985 
curettage of trachea: 
Hattori et al., 1984 
ear: 
Morris and Bevan, 1986; 
glioma: 
Yoshida, 1983; 
hCG induced variation in rabbit oviduct: 
Verco et al., 1984; 
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Kogel et al., 1989; 1990; 
hydrocephalus: 
Oka et al., 1985; 1986; 
hypertension: 
Hodde et al., 1984; Fairman et al., 1984; Van 
Bemmelen et al., 1986; 
ischemia: 
Yamamoto et al., 1984a; 
orchiopexy: 
Garibyan and Hodde, 1987; 
ocular vasoproliferation: 
Burger et al., 1982a; 1982b; 1982c; 1983; 1984a; 
1984b; 1985; 1987; Dobi et al., 1989; Ohkuma and 
Ryan, 1982a; 1982b;1983; 
photocoagulation of choroidal vasculature: 
Sato, 1983; Wilson and Green, 1987; 
radiation damage: 
Abbas et al., 1990; Nelson et al., 1984; 
stenosis of aorta: 
Legg and Gow, 1982; 
thyroid hyperactivity: 
Fujita and Imada, 1989; Imada et al., 1986; Meserve 
and Klak, 1984; 
urinary tract obstruction 
Amselgruber et al., 1989b; 1989d; 
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SEM of vascular corrosion casts 
Discussion with Reviewers 
M. Konerding: Are there any studies giving evidence 
for a better filling of the vascular system after 
application of vasoactive substances? 
Authors: To our knowledge there are no studies 
addressed to this particular topic. Most authors, 
however, routinously use vasoactive substances. 
M. Konerding: Studying papers dealing with vascular 
corrosion casting the reader almost never finds data 
on the percentage of high quality specimens vs. those 
ones that cannot be studied by scanning electron 
microscopy. What do you estimate is the ratio of good 
casts in an experienced laboratory? 
Authors: While your statement is correct for previous 
papers dealing with SEM of vascular corrosion casts 
which give no data on this matter, more recent ones 
give these data (for example: Ditrich and Splechtna, 
1987: 80% good fillings of mature vessel systems; 
Ditrich and Splechtna, 1989; 50 % good fillings of 
embryonic (chick) systems). We think that the ratio of 
good casts greatly depends on the tissue/organ and 
the species to be cast. 
M. Konerding: Aren't there any differences in size and 
shape of endothelial cells and cell nuclei in the 
capillaries which could indicate the direction of blood 
flow? 
Authors: There are differences in the shape of 
endothelial cell nuclei imprints (expressed as Did-ratio; 
i .e . large diameter/small diameter of endothelial cell 
nuclei imprint) from the arterial side to the venous 
side of a capillary which indicate the direction of 
blood flow (Christofferson, 1988; Lametschwandtner 
and Lametschwandtner, 1990). 
M. Konerding: Very few papers deal with corrosion 
cast-specimens obtained by post-mortem injections (e.g. 
Hiramatsu, 1982). Do the authors have any 
information or experience on the maximal time gap 
between death and injection in which good vascular 
corrosion casts with discernable endothelial cell nuclei 
imprints can be achieved? 
Authors: We have no practical experience with post-
mortem injections. Unfortunately most authors doing 
post-mortem studies do not give these data (Duvernoy 
et al., 1981, 1983). 
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